Norsk GEOLOGISK 
TIDSSKRIEFT 


UTGITT AV 
NORSK GEOLOGISK FORENING 


MED STATSBIDRAG 
SAMT MED BIDRAG FRA NANSENFONDET 
OG SULITELMAFONDET 


BIND 19 - 
ARGANG 1939 


OSLO 1940 
A. W. BR@GGERS BOKTRYKKERI */s 


Digitized by the Internet Archive 
in 2023 


https://archive.org/details/norwegian-journal-of-geology_1939_ 19 


INNHOLD 


N = notis. L= literaturmelding og kritikk. 
F = foredrag (ikke referert). FR = foredrag, referert. 
O = ordskifte etter foredrag. 


Side 
BARTH, TOM F. W.: Norske mineral av beidellit-gruppen, 5 fig. ........ 300—310 
BJOBLYKKE, K. O.: Bergmester Thomas Georg Miinster. Minnetale 297—299, 346 
Bjonns levatarrossener scandens bialvdati Noy. ome ce oe cle mane cae 344—345 
Brocnu, O.A.: Bidrag til Skudesnessedimentenes geologi. F.......... 355 
BROUWER, H. A.: Bau und Entwicklung der Inselguirlanden in Siidost 
WS etths BOR DRESS oo eee AS Cena Bit ae aie Se ee area 353—355 
BUGGE, C.: Statsgeolog Alvar Hégbom. Minnetale ................... 352—353 
CARSTENS, C. W.: Om titanholdige jernmalmer. FR: Zur chemisch- 
mineralogischen Zusammensetzung der titanhaltigen Eisenerz- 
VOrkouiinieny: Zio: ected Mie ciel imac alse th cveled apes cial 348—.352 
BOSLIE, STEINAR. oKoroyvass) kistelt.1, Grong. 1F Re iic secrewins vate aoe 115—116 
BREISCH @ VOLKER sr UU KP COlOP1e make IN oe cer aiclptesiy ecsteteia atoll tnaxe etseleeoyaiare 347—348 
F2#GRI, KNuT: Trekk av den senkvartere utvikling pa Jeren. F....... 355 
GOLDSCHMIDT, V. M.: Spektralanalysens bruk i mineralogi, geokjemi og 
MRLCEAL UIT Os pb eere geuat eontal ah aeaeeeusealln ich sities & eceaiate. sles 9 Sur nteEee whey 347 
HEINTZ, A.: Bemerkninger om tektonikk og stratigrafi i kambro-silur- 
Sidebars 50 Ja lelneietel” Uc! Apne Ae ast 95 6 tq nis Deacon mit co Clee 347 
ne ilevende Kkvastinnet tisk, .lotig-n ER. cmp nee © oicle ree omereremeu 346—347 
HOLTEDAHL, OLAF: Correlation notes on Scottish-Norwegian caledonian 
NORE CE on 6b BP SOSA Oe DBO DOOM SOO TOOTS Ona Wy OrAe 326—339 
HOGBOMAALWA Rm MuinnetalesavG. BUSSCT Ics ciieicelels wieiete olgiaelvielaisisle 352—353 
HoeG, Ove ArRBo: Fra en Spitsbergenekspedisjon i 1939. F......... 355 
ISACHSEN, F.: Bidrag til Skudesnessedimentenes geologi. F........... 355 
JENSEN, EINAR: Solvet pa Kongsberg. Om de kjemiske prosesser ved 
deres utfelling og om tradsolvdannelsen, 11 fig. Engl. sum..... 1— 106 
Kraus, O.: Note on thé wohterite group....:..-...0.++-++--2-20-40e 311 
MUNSTER, THOMAS GEORG. Minnetale av K. O. Bjorlykke..........-- 297—299 
NEUMANN. HENRICH: Armenite, a new mineral. Preliminary note .... 312—313 
WNarsk eeclosisk: (OreOO8 ef feces ta c2 a sventemagrngeaeee« 112—116, 346-359 
= | ienlliGGHee > 46.6 4dencodomordcde sacoocee Marah Ue One c oom 356— 309 
=5 JME) 56.0506 Gascon coddsonoscos 1pedoasaad0ns vo noo 09 cma 113—114 
=. RASC NEE INGils co tch aot census bo bo Ac OO Done Da aoe cmon nen ae 114 
SEVIS reir ao oie sensi acs Sigh ie isle ete go een Ny orien shale nn dole 114 
MP reise AD ae eh eee oe eae ats dnd ina ie ne has eo Be 112—113 


Side 
OFTEDAL, IvAR: Beryllium in radioactive minerals. N ............... 341— 342 
— On the occurrence of tin in Norwegian minerals ............. 314—325 
— Vanadium in dem Apatitvorkommen von Odegarden in Bamble. N 340—341 
ROSENQUIST, IVAN TH.: Note on leaching of granite with special reference 


to lead) radiumvands barium N ieee. ere ieee ii ete 110—111 
SKAPPEL, VILHELM: Luftfotogrammetrien og den geologiske kartlegging, 
OG i(-Ae ) eer rimen rie aRGaS Caran comancin. “Gres sat 107— 109 
STRAND, TRYGVE: Bidrag til Skudesnessedimentenes geologi. F....... 355 
— Kort meddelelse om kambro-siluren i kartomradet Kongsberg. F 347 
== ‘Milesteiner ‘av silurkalleg le figs Noes = coe usi eet iereierae 342— 344 
STORMER, LEIF: Studies on tribolite morphology. Part I. The thoracic 
appendages and their phylogenetic significance, 35 fig., 12t..... 143—273 
WHITTARD, W.F.: The silurian illaenids of the Oslo region, 4t. ...... 21o——29o 


Opik, A.: Brachiopoden und Ostrakoden aus dem _ Expansusschiefer 
Norwegens)' 3 figy/G tae cence ce ceric oe cree aca teenie 117—142 


SOLVET PA KONGSBERG 


OM DE KJEMISKE PROSESSER VED DETS UTFELLING 
OG OM TRADS@LVDANNELSEN 


AV 
EINAR JENSEN 


MED 11 TEKSTFIGURER 


Side 
BAM AMIN neta eS Neg ohn WE Sian. ccs dicta Og, Bie oon eon ek olayéie & oce + Ou dtc og euch 2 
De sglvavsettende oplgsningers sammensetning og temperatur............... 6 
Boimeto dite ite (ha- CAnvOne hilt ose so pest) ae aioe ace tet. tsek eee 15 
1. Selvoplgsningers reaksjon med mineraler.......0......02000scce000% 16 
Saivoplesninperspreaksjonsmed. KiSefzrsis...2.. aie eerste -ciier 17 
A. Rene sglvoplgsningers reaksjon med rene kiser......... 17 
Feliimpenesomusul liens: crete oc-psais, sha. Nev ase seek 24 
Bellmpenmsonmt metallisk SOlV:.. ocr or eis tse 27 
Selvfellingens avhengighet av fellingstiden.......... 31 

Selvfellingens avhengighet av oplgsningenes kon- 
S@ritPaSjOMa]eeraciie tata sil akehe eee ek is avelo-Ou trons axes 37 

B. Rene kisers reaksjon med sglvoplasninger som er tilsatt 
etrannes tunetrmetallen eye ae nctecks reals asus ties) 41 
Salvoplesningers reaksjon med oksyder............0.seeceense+% 43 
Selveplesninsers reaksjonimed silikater oa). care nite me ae sete ate 44 
Eksifaksjom! av iKISCnes SVOVelinnholdc, 525.2. as\e4-6 oe cial la aires 46 
EOuIK TUS] OTe eae econ Melo altaties saree seanebeiole ske-e an winrateraustoehexatnenrelels 52 
ZeESOViclilomyedselektrOlyserscm siaetieer seri ial senste sO fae i een 54 
3. Salvfelling ved blanding av sglvoplosningen med en annen oplgsning. 59 
4. Sglvfelling av en oplosning som ikke reagerer med noget annet ....- 62 
Tira SO VER eM R RR RRs neha testator fee er oser rey levels, Migsoione wieyolintove, a teuntvetermTetete she ver 69 
Rivas GUMiiMeIN/ en oops Goegoocndo cnn abo nonCdaaquocmae aoe emo ad I Oh 90 U8 94 
IPI CT ALI T SLC Meets eis chore nested orl tecaeare 1 Aloreh «sanyo sper olla rerisia ieee ano Wea tnchetet ecenimae ey aren, axa) eke 100 


Geologen ved Kongsberg sglvverk statsgeolog Arne Bugge henvendte sig for 
nogen 4r siden til professor Ellen Gleditsch for 4 bringe pa det rene om det ved 
Universitetets kjemiske institutt var nogen kjemiker som var villig til 4 utfore 
analyser og annet arbeide av interesse for undersgkelsen av Kongsbergforekomsten. 
Denne henvendelse resulterte i at jeg som student gjorde nogen analyser av prover 
av solvmalmen; disse analyser er offentliggjort annetsteds (64).' Senere har jeg som 
assistent ved instituttet gjort de forsok som det folgende arbeide omhandler. 


~ 1 Se litteraturlisten. 


Norsk geol. tidsskr. 19. 
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Jeg ma herved fa bringe professor Ellen Gleditsch min hjerteligste takk for 
den store interesse og velvilje hun har vist mitt arbeide; hun har latt mig fa frie 
hender til A benytte instituttets hjelpemidler, og har gitt mig mange verdifulle rad. 

Likeledes takker jeg statsgeolog Arne Bugge og sglvverkets hyttemester berg- 
ingenior Ragnvald Storen for den beredvillige elskverdighet hvormed de begge har 
latt mig nyte godt av sitt store kjennskap til solvforekomsten ved 4 gi mig mange 
verdifulle oplysninger, og ved den interesse de alltid har vist arbeidet. 

Stud. mag. sc. Sigrid Bjelke, stud. mag. sc. Katharina Lenschow og stud. mag. sc. 
Anna Magdalene Sommerfeldt har til tider bistatt mig ved utforelsen av forsokene, 
og jeg takker dem for den interesse og omhu de har lagt i arbeidet. 

Jeg har til forsokene fatt bidrag av Nansenfondet, Universitetets jubileums- 
fond og Handelsdepartementets industrikontor, hvorfor jeg takker disse institusjoner. 


Innledning. 


Man kjenner nu meget vel de geologiske trekk ved solvfore- 
komsten pa Kongsberg, for en vesentlig del takket vere de inn- 
gaende undersokelser som i lI@pet av de siste artier er foretatt av 
C. Bugge og A. Bugge. Jeg. skal ikke komme inn pa dette her; litte- 
raturen om forekomsten er meget omfattende, og da nerverende 
arbeide ikke bringer noget nytt i denne henseende vil jeg ngie mig 
med 4 henvise til den nyere litteratur pa omradet, av C. Bugge 
(24,°25), A. Bugge (17; 18, 19, 20212 225923) Ac Holter (6076R); 
C. A: Minster (81, 82), R. Storen (1167117, 113) 119,120) oe Jee 
Vogt (9, 133) hvor man vil finne det meste av det man vet om fore- 
komsten og dens mineraler', og ogsa henvisninger til den eldre 
litteratur. Seerligi A. Bugges siste arbeider vil man finne en inngdende 
beskrivelse av de sprekkesystemer som har veret tilforselskanaler for 
de solvavsettende oplosninger og pa hvilke solvet er utfelt, og av de 
kisstriper som finnes i fahlbandene og som synes A ha veeret bestem- 
mende for sglvets felling efter den sakalte kryssregel. 

Betydelig mindre er det kjennskap man har til de kjemiske og 
fysiske prosesser som har betinget solvets avsetning pa de nu solv- 
forende ganger. I tidens lop har sa vel norske som utenlandske geo- 
loger utfort nogen undersokelser herover; men forholdene hari naturen 
apenbart veret meget kompliserte, og de foreliggende undersokelser 
behandler problemene pa en noksa tilfeldig mAate. Jeg fant at det 
derfor kunde vere av interesse igjen 4 ta hele problemet om sglv- 


‘ En oversikt over det metalliske solvs krystallografi finnes i C. Hintzes 
handbok (58), 
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fellingen op til diskusjon, og da fremfor alt ved eksperimenter soke 
a skaffe sikrere holdepunkter enn dem man hittil har hatt. 

Det er vanskelig ad teoretisk vei 4 forutsi noget sikkert om for- 
lopet av de reaksjoner som kan ha spillet en rolle. Forekomsten er 
jO sannsynligvis hydrotermal, og det dreier sig derfor vesentlig om 
meget tungtoploselige stoffers reaksjoner med (tynne?) metallsalt- 
oplosninger. Man kjenner lite til hvorledes tungtoploselige stoffers 
oploselighetsforhold ved hgiere temperaturer — over 100° — forandres 
ved tilsetning av alle mulige oploselige salter til oplosningen — ikke 
minst ved kompleksdannelser, og man vet ogsa bare lite om alle de 
elektriske polarisasjoner og passiveringer som kan optre, og som 
her kan ha spillet en viss rolle. Uten 4 ga noget stgrre inn pa teorien 
for de reaksjoner jeg omtaler har jeg ved enkle forsok prevet a vise 
hvilke av de overordentlig mange tenkelige reaksjoner det er som 
ma ha veret kvalitativt viktige. Som en ren orientering kan dette 
kanskje tjene til at man kan finne frem til de fenomener som har 
veret de avgjorende for selvforekomstens dannelse. 

Ogsa den omstendighet at forekomsten i enkelte henseender er 
lite undersokt gjgr verdien av en i og for sig interessant kjemisk 
undersgkelse temmelig tvilsom for opklaringen av forekomstens 
dannelse. Forsgksresultatene lar sig allikevel bare rent kvalitativt 
overfore pa forholdene i naturen. Som et viktig eksempel pa hvad 
jeg her mener kan jeg nevne folgende: 

Den geometriske (krystallografiske) form som det metalliske solv 
har antatt i naturen er naturligvis en funksjon av dets dannelses- 
historie, og man kunde derfor omvendt hape av det naturlige sglvs 
krystallografi 4 kunne trekke slutninger om hvilke prosesser det er 
som har bevirket dets avsetning. Dette strander — iallfall forelopig — 
pa at den sammenheng man har her er av en sare innviklet natur, 
saledes at man ennu er meget langt fra 4 ha utredet disse problemer 
eksperimentelt, ennsi teoretisk. De foreliggende undersokelser viser 
at solvets krystallhabitus er i hoieste grad avhengig av de solvav- 
settende oplgsningers sammensetning (konsentrasjon av de forskjellige 
ioner, deriblandt vannstoffioner) og av sglvkrystallenes veksthastighet. 
Den teori for metallkrystallers vekst som er utarbeidet av Kossel- 
Volmer-Stranski, stottet av eksperimenter av M. Straumanis, kan bare 
forutsi hvilken form sglvkrystaller kan fa under betingelser som er 
meget ner en likevektstilstand; det vil si ved uhyre langsom vekst 
av fortynnet solvdamp eller ved elektrolyse ved meget sma strom- 
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styrker. Et viktig bidrag er her levert av T. Erdey-Gruz (38) som 
undersokte de betingelser under hvilke kuleformede krystaller av 
solv vokser regelmessig videre ved elektrolytisk pafelling av solv 1 
vandig oplosning. Enkle sglvsalter viste sig lite egnet, bedre gikk 
det i oplosninger av komplekssalter ved stromtettheter pa 10~*—10~° 
ampére pr. cm2. Stoffene i oplosningen bestemmer entydig, uavhengig 
av konsentrasjon og strgmtetthet, hvilke flater det er som skal optre. 
Av f. eks. oplosninger av nitratet, perkloratet eller fluoridet utskilles 
solv bare pa enkelte aktive steder pa kulen. Dette tilskrev han dels 
eksistensen av submikroskopiske kanter og hjorner, dels ogsa passi- 
veringer. Betingelsen for regelmessig vekst er jo at sglvet utskilles 
mest langs flatene og minst langs kanter og hjorner. Man kan opna 
at dette skjer ved 4 anvende komplekser, hvor hjgrner og kanter 
vil blokeres pa grunn av adsorbsjon og derved miste sin spissvirk- 
ning. Det viste sig da ogsa at der fremkom en penere, jevnere vekst 
ved anvendelse avy ammoniumklorid eller magnesiumklorid som kom- 
pleksdannere, men ogsa ved anvendelse av stoffer hvor s@lv fore- 
kommer som anion. Dette siste viser at primerprosessen i de for- 
skjellige tilfelle ma veere forskjellig og at adsorbsjonen ma vere den 
mest bestemmende faktor. 

En undersgkelse av R. Glocker og E. Kaupp (44) viser at ved 
elektrolyse av solv av solvnitrat pa en platinakatode faes ved en 
stremtetthet pa 0,010 ampére pr. cm? grovkrystallinsk solv med svak 
fiberstruktur: krystallitene er ordnet med retningene [111] og [001] 
loddrett pa katodens plan. Ved 0,028 amp. pr. cm? er fiberstrukturen 
fullstendig forsvunnet. Ogsa V. Kohlschiitter og A. Torricelli (70) har 
undersokt dannelse og vekst av solvkrystaller ved elektrolyse. 

Da man, som jeg senere skal omtale, bare vet lite om sammen- 
setningen av de oplasninger som har avsatt solvet i naturen, resp. 
om storrelsen av de spenninger og stromstyrker som kan ha optradt, 
Synes det mig efter disse undersokelser for tiden temmelig fafengt A 
forsoke 4 gi en mere detaljert forklaring pa dannelsen av de over- 
ordentlig tallrike former det metalliske solv optrer under — dog med 
undtakelse av det sakalte tradsolv, som tydelig er dannet pa en helt 
annen mate enn de andre former. — Man mé& ogsa vere klar over 
at forholdene ikke er de samme overalt pa Kongsberg, men har 
variert fra gang til gang. Saledes foreligger der sglvsulfosalter pa 
mange av gangene, pa andre er der koboltnikkelarsenider — muligens 
pa spesielle gangtyper. 
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Forholdene veksler ikke bare fra gang til gang, men har ogsa 
variert innen hver enkelt gang i lopet av den tid dens fylling har 
tatt. Det viser sig ved en meget regelmessig sonaropbygning av 
gangene. Man kan, bortsett fra enkelte sjeldne tilfelle, ikke her se 
at det dreier sig om flere pa hinannen folgende opsprekninger av 
samme gangspalte. 

De kjemiske forhold har ikke alene veret bestemmende for hvor 
pa Kongsberg solvfellingen har funnet sted. Like viktig har feltets 
mekaniske egenskaper veret, iser har de forskjellige bergarters 
mulighet for opsprekning spillet en stor rolle. Det fremgar av eksi- 
stensen av de av A. Bugge beskrevne sprekkesystemer. 

Da det er sa mange slike detaljtrekk ved forekomsten som er 
lite kjent, skal jeg i det folgende bare i grove trekk antyde hvilke 
betingelser det er som kan ha gitt anledning til felling av det metal- 
liske solv, og hvilke det er som kan ha gitt solvsulfid. Pa Kongs- 
berg finnes mange andre sglvmineraler, saledes, som nevnt, sulfosalter, 
som pa nogen steder kan vere kvantitativt viktige. Jeg vil ikke komme 
inn pa disses dannelse her; hele dette viktige omrade er tidligere 
bare rent antydningsvis undersokt. 

For at det eksperimentelle arbeide overhodet skal kunne si noget 
om det som har foregatt i naturen, bor forsgksbetingelsene efterlikne 
forholdene i naturen mest mulig. Derfor er det viktig 4 fa et begrep 
om hvorledes disse har veret under selve sglvavsetningen. Pa den 
annen side ma forsokene til 4 begynne med gjgres enkle, forat det 
skal vere mulig overhodet 4 tolke resultatene pa en fornuftig mate. 

Det er et overordentlig stort arbeide som ma utfores for man 
kan fa et nogenlunde klart begrep om hvad det er som har foregatt. 
Hertil kommer at svert mange prosesser som meget vel kan ha 
spillet en rolle i naturen bare vanskelig kan undersgkes eksperimen- 
telt, fordi naturen kan arbeide med tynnere oplosninger enn vi er 
i stand til, og i en ganske annen grad kan ta tiden til hjelp. Som 
eksempel kan jeg nevne vanskeligheten med 4 holde sglv i ngitral 
eller alkalisk oplgsning sammen med elementer som kvikksglv, arsen, 
antimon eller svovel i sadanne konsentrasjoner at brukbare kvanti- 
tative forsok kan anstilles. 

Det billede man kan danne sig av forholdene under sglvavset- 
ningen ma bli usikkert. Til en sédan rekonstruksjon kan man bare 
bygge pa mer eller mindre usikre analogier, hvorfor den ngdvendigvis 
ma bli av en noget hypotetisk karakter. De viktigste faktorer det 
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gjelder 4 skaffe sig rede pa er de solvavsettende oplosningers sam- 
mensetning og temperatur. Trykket har vel pa dette dyp (nogen fa 
tusen meter) neppe veret sa stort at det har hatt nogen vesentlig 
innflytelse pa de reaksjoner som har foregatt. 


De salvavsettende oplgsningers sammensetning 
og temperatur. 


Rent kvalitativt kan man trekke en del slutninger om de sglv- 
avsettende oplgsningers sammensetning av solvmineralenes og gang- 
mineralenes sammensetning, og av at disse siste ma ha veret helt 
uangripelige av (uoploselige i) den oplosning som har avsatt dem. 
Av de mange gangmineraler som finnes, foreligger folgende i storre 
mengder og er samtidige med solvet (C. Bugge (24), J. H. L. Vogt 
(133)): en del kvarts, anthracitt, kalkspat, flusspat, en del kiser. En 
oversikt over de hittil utforte analyser av solvmineralene finnes i 
R. Storens arbeide (120). 

Nerver av kalkspat viser at oplosningene har holdt karbonat- 
ioner og kalciumioner. Derimot er det ikke noget bevis for at oplos- 
ningene har holdt fri kulsyre, hvilket synes ofte 4 ha veret antatt. 
Avsetningen av de forskjellige former av kalciumkarbonat under alle 
tenkelige betingelser pa jordens overflate er jo meget grundig under- 
sokt, men man vet faktisk intet om de betingelser som medforer 
dets hydrotermale avsetning som kalkspat pa noget dyp (92, 93). 
Oplosningene kan iallfall ikke ha holdt nogen fri syre som er sterkere 
enn kulsyre. Kalkspat meddeler rent vann en pH pa 9,0, ifolge 
R. E. Stevens (113), mens kalciumbikarbonatoplosninger kan veere 
svakt sure. — Jeg har gjort kvalitative analyser av en rekke prover av 
kalkspat fra forskjellige ganger. Jerninnholdet var alltid meget lavt, 
ofte var provene jernfri. Derimot var det et pafallende regelmessig 
innhold av manganokarbonat; jeg har funnet mengder derav fra 0,42 
til 1,15%o selv i fullstendig klare og farvelose spaltestykker.’ Ifolge 


‘ Det lille manganinnhold som E. Gleditsch fant i finsolv fra Kongsberg syntes 
lenge 4 vere uforklarlig, da selymalmen ikke holder mangan, eller, ifolge 
spektrografiske analyser, bare i mengder pa 0,0005 %. Manganmineraler finnes 
ikke pa solvgangene, og manganpavisningen skriver sig fra tiden for solv- 
verket begynte 4 bruke manganstal i pukkverkets knusemaskiner. Det kan 
vere kalkspaten som er mangankilden. — Forklaringen pa at manganet ikke 
inngar i selvet selv er neppe at det ikke loses heri (M. Keinert (67)). 
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F. Hermann (57) og G. H. Charlewood (27) er det meget almindelig 
at ertsgangers kalkspat holder adskillig mangan. Ifelge den forste 
skal det ogsa vere funnet optil 1 mg mangan pr. liter i juvenile kilder. 

Rester av de mineralavsettende oplosninger kan leilighetsvis 
bevares gjennem tidene okkludert i de forskjelligste mineraler. 
W.H. Newhouse (85) analyserte nogen sAdanne, synlige inneslutninger, 
og fant at det almindeligste var kalcium, natrium, klorid og sulfat. 
Ofte var oplosningene sA konsentrerte at det var utskilt, i mikro- 
skopet synlige, terninger som m4 vere natriumklorid. — Selv om 
okklusjoner ikke er synlige, kunde de tenkes 4 foreligge i submikro- 
skopisk fin fordeling i f. eks. kalkspat. Jeg loste derfor i syre rene 
spaltestykker av kalkspat fra forskjellige Kongsberglokaliteter, og 
kunde i adskillige tilfelle med letthet pavise klorid og/eller sulfat i 
oplgsningen. Forresten viser ogsa den hyppige forekomst av barytt 
at oplesningene har holdt sulfationer. 

Fluoritt viser at oplosningene har holdt fluorioner. 

Kvarts, feltspater og zeolither viser for det forste at oplosningene 
har holdt kiselsyre og aluminium, og for det annet at oplosningene 
sannsynligvis har veret alkaliske. Feltspater og zeolither gir nemlig 
vann en alkalisk reaksjon, hvis storrelse er bestemt av R. E. Stevens 
(113). Denne hydrolyse av silikatmolekylet forer til en likevekt, og 
ma ha veret umulig under disse mineralers dannelse. Fors@k av 
G. W. Morey (se C. S. Ross (102)) viser at alkali (i sma mengder) 
er ngdvendig for at kiselsyre kan krystallisere av vandige oplosninger 
som kvarts. Kiselsyre finnes jo ogsa bare i ringe mengde lest i sure 
oplasninger (sure kilder, sekundzere sulfidleier) — her spiller imid- 
lertid kanskje kolloid oplasning en rolle. 

Ertsmineralene pa gangene viser at elementer som kobber, bly, 
sink og jern ma ha veret til stede i merkbare mengder ved siden 
av s@lvet. 

Endelig viser analysene av solvmineralene sely (120) at der har 
inngatt en rekke tunge metaller i oplosningene, og disse metaller 
kan vi med sikkerhet si har veret til stede i de samme oplosninger 
som de som avsatte solvet. — Jeg gjor opmerksom pa at jeg her 
(og senere) bruker ordene “tunge metaller“ i den betydning de har 
i kjemien, svarende vesentlig til mineralogiens betegnelse ertsmetaller. 
De viktigste forurensninger i solvmineralene er kobber, kvikksglv og 
antimon; i mindre mengder inngar bly, vismut, arsen, jern, gull, 


platinametaller; muligens kobolt, nikkel og sink, og i meget sma 
mengder ennu flere. 

Man kan intet sikkert si om oplosningenes konsentrasjon. Sa- 
vidt jeg kan forsté er det intet i veien for at deres innhold av jord- 
alkalimetaller (kalcium) og alkalimetaller (natrium), klorid, sulfat og 
karbonat kan ha veeret betydelig. Forholdsvis lett oploselige mineraler 
som barytt og kalkspat er felt i store mengder; og det ligger i sakens 
natur at de ellers allestedsnerverende kloridioner og natriumioner 
ikke er felt pa gangene, men er vandret videre. 

Solvionenes konsentrasjon i oplosningene har efter alt 4 domme 
veret meget liten. Man har ofte tenkt sig at oplosningene har veret 
kulsyreholdige, og at solvet derfor har veret Igst som bikarbonat; 
og det er skrevet adskillig for 4 vise at solvbikarbonatets oploselighet 
(eller rettere solvkarbonatets oploselighet i kulsyreholdig vann) er 
stor nok til at alt solv kan tenkes 4 vere tilfort i denne form. 
Denne oploselighet er ifolge G. S. Johnston (65) 0,0846°%; ifolge 
O. Haehnel (51) ved 1 atmosferes kuldioksydtrykk 0,105 %, ved 50 
atmosferer 0,170%. L.G. Ravicz (97) fant at ved nerver av kalk- 
spat eller ved tilsetning av alkalikarbonater felles noget av det saledes 
opleste solv, men det blir dog adskillig igjen i oplosningen. — I en 
solvbikarbonatoplesning vil det meste solv foreligge som solvioner. 
Men oplgsningene i naturen har, som nevnt, sannsynligvis holdt klor- 
ioner. Solvklorid loses tungt nok i rent vann (ved100° ca. 2,17.10—3%). 
Ved tilsetning av alkaliklorider til oplosningen avtar oploseligheten 
forst, for senere a stige med mere alkaliklorid (3, 31, 94). Ved 
almindelig temperatur ligger den minste oploselighet ved 0,0025 
molare oplosninger av kalium- eller natriumklorid. Ved hgiere kon- 
sentrasjoner av alkaliklorid kan betydelige mengder solvklorid loses, 
men da foreligger praktisk talt alt solv som kompleksioner. — Som 
eksempel kan jeg nevne at ved 90° er oploseligheten i 7,5 %-ig 
natriumklorid 0,024 g pr. 100 ml. — Denne kompleksdannelse mellem 
solvklorid og andre, oploselige, klorider er. meget viktig, fordi kon- 
sentrasjonen av de virksomme solvioner derved i alle fall ma trykkes 
ned til meget lave verdier. Det er klart at dette ma spille en stor 
rolle bade for de fellingsreaksjoner og de elektrolytiske reaksjoner 
som kan optre. 

Da man intet vet om storrelsesordenen av de kloridmengder 
som har veret til stede i de selvavsettende oplgsninger, kan man 
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heller intet sikkert si om i hvilken grad de prosesser jeg senere 
skal omtale kan vere modifisert ved denne kompleksdannelse. 

Som eksempler pa virkningen kan jeg nevne: i ngitral veeske 
felles solvoplosninger av arsenater under dannelse av s@lvarsenat; 
solvklorid lost i mettet natriumkloridoplosning gir intet bunnfall med 
oploselige arsenater. Kuprosalter i svakt sur oplosning reduserer 
gieblikkelig ut metallisk solv av solvoplosninger. Kuproklorid og 
solvklorid, begge lost i natriumkloridoplosning, reagerer ikke med 
hverandre nar oplosningene blandes. 

Salvsulfid synes a felles nzesten like lett av kloridholdige oplos- 
ninger som av kloridfri, hvilket vel henger sammen med dets uhyre 
lille oploselighet. De sglvavsettende oplosninger synes, iallfall delvis, 
a4 ha mattet inneholde svovelioner — det er jo sulfider pa gangene — 
og da ma ikke bare solvionkonsentrasjonen men ogsa sglvkonsen- 
trasjonen ha veeret liten. 

Av lignende grunner ma konsentrasjonen av andre tunge metaller 
ha veret lav. Saledes felles kobber og bly (29) og kvikksglv (15) 
nesten fullstendig av sine oplosninger av kalkspat; ogsa jern felles 
delvis slik. Dessuten er det jo karakteristisk for de hydrotermale 
forekomster at de er jernfattige (134). Kompleksdannelse ved klorider 
kan ha spillet en rolle ogsa for disse metaller; for f.eks. jern er 
det ogsa naturlig 4 tenke sig at det kan ha foreligget som komplekst 
fluorid og derved i storre eller mindre grad ha veret ,maskert“. 

Det er karakteristisk for Kongsbergforekomsten at sglvet alene 
utgjor mere enn metaller som bly, sink, kobber, kvikksglv tilsammen. 
Men dette behover ikke bety at oplosningene har holdt sa meget 
mere solv; det kan skyldes at solvet er felt ved en reaksjon som 
er spesifikk for dette metall. Jeg har gjort nogen orienterende forsok 
med 4 redusere solv, raskt eller langsomt, ut av oplosninger som 
var tilsatt forskjellige andre tunge metaller (kobber, arsen, antimon, 
nikkel, jern) i mengder ekvivalente med sglvet, ved forskjellige reduk- 
sjonsmidler (ferrosulfat, hydroksylaminsulfat). Bortsett fra de tilfeller 
hvor antimon var satt til, og hvor komplikasjoner tradte til, falt 
sglvet alltid meget rent ut. Nar metallisk solv derfor i naturen er 
falt sa rent ut, behover dette ikke bety noget — det er sjelden sa 
rent som jeg fikk det ved fellingene; og nar solvsulfid er falt sa rent 
ut, kan dette skyldes at der har veret et sadant innhold av, eller 
en sadan tilforsel av, sulfidioner til oplosningen, at solvsulfid som 
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det nest tyngst oploselige av sulfidene er falt alene ut; mens kvikksolv- 
sulfid (som er tyngre oploselig) ikke er felt, enten fordi oplosningene 
ikke holdt noget kvikksolv i den periode i malmavsetningen som 
gav anledning til solvglansens dannelse, eller fordi den alkaliske 
reaksjon kanskje har holdt det i oplosning. 

At svovelmangel vil bevirke at solvsulfid faller rent ut, fremgar 
av dette forsok: solvglans (syntetisk) som isomorft tilblandet inne- 
holdt 3% kuprosulfid blev ophetet i nogen timer til 130° i en solv- 
sulfatoplosning. Kobberet blev derved fortrengt av solv. 

Hele miljget har, som man kunde vente det pa storre dyp, veret 
reduserende. Det vises tydeligst av forekomsten av dyskrasitt og 
scherbenkobalt, som forresten begge er sjeldne. Ogsa de organiske 
stoffer viser kanskje reduserende egenskaper hos oplosningene. Det 
er da vel ogsa i siste instans som en folge av det reduserende miljo 
at solvet er felt metallisk. 

Foruten at elementene har veret til stede i ioneform er det 
ogsa mulig at enkelte av dem kan ha veeret til stede i form av 
kolloider av sine forbindelser. Jeg skal senere omtale muligheten 
for at solvsulfid har veret til stede i denne form. Da oplosningene, 
som nevnt, vel har veret alkaliske, ma man i forste rekke tenke pa 
ting som kiselsyre, aluminiumhydroksyd, kanskje jernhydroksyd. 
Forekomsten av kvarts, zeolither og feldspater (adular og hyalofan) 
pa gangene viser jo iallfall at disse elementer har veeret til stede i 
en eller annen form. At kolloider ikke synes 4 ha spillet nogen 
rolle ved avsetningen av de tunge metallers sulfider, fremgar av at 
de trekk som forst og fremst karakteriserer avsetninger av kolloid- 
dispers fase, nemlig radialstralige-konsentrisk-skallige strukturer, ikke 
er kjent fra Kongsberg. Noget bevis er dette naturligvis ikke. 

Svovel kan ha veeret til stede i forskjellige former i oplosningene. 
Tidligere er omtalt at oplosningene har holdt sulfater; og det er, 
savidt jeg kan forsta, intet til hinder for at oplosningenes innhold 
herav kan ha veeret relativt betydelig. 

Det kunde vere av interesse 4 fa bragt pa det rene under hvilke 
former sulfider kan ha veeret til stede i oplosningene. Sglvet fore- 
ligger jo dels som sulfid og sulfosalter, for sin storste del imidlertid 
som metallisk selv, og endelig for en liten dels vedkommende som 
solvsulfid pa en sadan mate at det er tydelig at oprinnelig metallisk 
solv sekundert er overfort i sulfid (resulfidert tradsglv). 
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Oplosningene kan ikke alltid ha inneholdt polysulfider eller fritt 
svovel, da disse raskt overforer solv i solvsulfid (74), polysulfider 
ved almindelig temperatur, fritt svovel raskt ved 120—130°, langsomt 
ved almindelig temperatur (egne forsok). 

Svovelvannstoff i vann er ikke bestandig ved hgiere temperaturer. 
Forskjellige steder i litteraturen kan man finne at svovelvannstoff- 
vann spaltes ved ophetning i .lukket ror til ca. 200°, idet der dannes 
fritt svovel og svovelsyre. Natriumsulfid forandres ikke pa denne 
mate. For nu 4 prove om denne reaksjon gar merkbart ogsa ved 
lavere temperatur, og samtidig prove dens avhengighet av oplos- 
ningens surhetsgrad, gjorde jeg folgende forsok: 

Av friskt utkokt destillert vann fremstillet jeg en kalilut med 
normalitet 0,0489. Til denne oplgsning blev ledet svovelvannstoff; 
den erholdte kaliumsulfid var 0,0520 normal med hensyn pa sulfid- 
ioner, svarende til at der foruten kaliumsulfid ogsa forela noget 
kaliumhydrosulfid. I hvert av de senere (side 19) beskrevne bombe- 
rer blev der anbragt en sg@lvspiral (solvtradens lengde 25 cm, vekt 
0,53—0,55 g, overflate ca. 4 cm*). Rorene blev fylt med kvelstoff, og 
i hvert rer fyltes 25 ml av den nylagede sulfidoplosning, og i det 
forste rgr ytterligere 25 ml vann, ogi de andre rgr voksende mengder 
svovelsyre (av normalitet 0,1168) og vann til det samlede veske- 
volum i alle ror var 50 ml. I det siste ror, hvor mest svovelsyre 
var tilsatt, var dennes mengde akkurat tilstrekkelig til 4 noitralisere 
25 ml av den anvendte kalilut, saledes at alt svovel her forela som 
fritt svovelvannstoff. Rorene blev efter gjensmeltning ophetet i en 
termostat til 130° i 6 timer. Resultatene er fremstillet i tabell 1 og 
i fig. 1. Her betyr N KOH mengden av den kalilut som ikke er 
ngitralisert av den tilsatte svovelsyre (og som altsa for ophetningen 
fremdeles foreligger som kaliumsulfid eller kaliumhydrosulfid), og er 


Fapetiv tl 
Nr. N KOH INES | p mg 
| 

1 0,0244 0,0259 0 

2 0,0196 0,0261 0 

3 0,0147 0,0231 0,1 
4 0,0097 0,0185 ile 
& 0,0048 0,0067 1,4 
6 0 0 0 
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et mal for den tilsatte mengde 
svovelsyre. N S~~— er sulfidion- 
normaliteten efter ophetningen 
(for ophetningen er den jo i alle 
rer den samme, 0,0260, fullsten- 
dig dissosiasjon forutsatt). p er 
solvtradenes vekstforgkelse. I fi- 
guren viser pilen det punkt hvor 
alt svovel foreligger som kalium- 
hydrosulfid. 

Tabellen, og tydeligere figuren, 
viser at en mengde sulfidioner, 
i hvert forsok svarende til den 

Fig. 1. mengde som foreligger som fritt 
svovelvannstoff, er fullstendig for- 
svunnet fra oplosningen, mens den mengde som kan beregnes 4 fore- 
ligge som kaliumsulfid eller kaliumhydrosulfid gjenfinnes uforandret. 
Oplosningene inneholdt ikke sulfitt, svovelsyrling, fritt svovel, polysul- 
fider eller thiosulfat. Der er dannet sulfat eller polythionsyrer eller 
begge deler. Svovelmengden i hvert ror var 20,6 mg, og den dertil 
svarende svovelvannstoffmengde kan altsa forsvinne uten at der er 
dannet en ekvivalent mengde solvsulfid. De dannede mengder herav 
er sma og tilfeldige, og skyldes rimeligvis bare at det ikke er lykkedes 
a holde r@rene fullstendig luftfri under ifyllingen. — Forsoket viser 
at hvis varme, naturlige oplosninger skal kunne inneholde oplost 
sulfidioner, ma de vere alkaliske. 

I mange almindelige lereboker star det at metallisk solv lett 
reagerer med svovelvannstoff. Dette er ikke tilfelle. Forsok av S. Lilien- 
feld og C. E. White (75) har vist at reaksjon (sveertning) ikke inn- 
trer, selv i lopet av meget lang tid ved almindelig temperatur, safremt 
luften ikke har adgang. (R. Gans (42) kom riktignok til det motsatte 
resultat, men det er grunn til 4 tro at han har gjort en forsoksfeil). 
Hvis luften kommer til, inntrer sveertning meget raskt. Disse resul- 
tater har jeg bekreftet. — Meget grundig er reaksjonen mellem 
metallisk sglv og svovelvannstoffgass undersokt av H. Reinhold og 
H. Seidel (99). De fant at ved alle temperaturer er solvets reaksjons- 
hastighet med svovelvannstoff flere tierpotenser mindre enn med 
elementert svovel. Reaksjonshastigheten er tilngrmet proporsjonal 
med svovelets partialtrykk i svovelvannstoffet. Det er ikke diffusjonen 
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som er hastighetsbestemmende, men delreaksjonen pa fasegrensen 
MeX/X. Der er intet sprang ved 179° (omvandlingstemperaturen av 
de to solvsulfidmodifikasjoner i hverandre). Reaksjonskonstanten er 
ved 136° 0,125.10!°; ved 150° 0,214.10'°; ved 200° 0,92.10", altsa 
meget stor, sa stor at det er vel forstdelig at det ser ut som om 
reaksjonen ikke gar ved temperaturer lavere enn 100°. — Mine forsok 
viser da ogsa at svovelvannstoff i vandig oplosning ved 130° spaltes 
langt raskere enn det eri stand til 4 reagere med solvet. F. L. Hahn 
(52) og K. Fischbeck (39) har vist at solv ikke reagerer med alkali- 
sulfider, mens alkalipolysulfider gieblikkelig gir rikelig solvsulfid. 
Den siste viste ogsa at alkalisulfider angriper solv sAfremt dette er 
anodisk polarisert. — Det er mulig at dette kan skje i naturen, da 
solv er sa edelt. — Jeg har selv opbevart en solvtrad i polysulfidfri 
natriumsulfid i over et 4r, i flere dager ogsa ved 100°, uten at der 
er inntruffet den minste svertning. 

Det synes efter dette i grunnen ikke 4 vere noget i veien for 
at solv kan besta, eller endog utskilles metallisk, i oplosninger som 
inneholder meget alkali-(jordalkali)-sulfid. Dog taler noget for at 
oplosningene allikevel ikke har holdt meget sulfid. Vel er s@lvsulfid 
uhyre tungt oplgselig i vann, og ifalge J. W. Gruner (49) og L. G. 
Ravicz (97) ogsa meget lite oploselig i oplosninger av alkalier eller 
alkalisulfider; men dette behover ikke vere en hindring for at meget 
store solvmengder ved hgiere temperatur kan transporteres i kom- 
pleksdannende oplosninger, selv om disse holder sulfidioner i nogen 
mengde. Den omstendighet at der foreligger sa lite av andre tunge 
metaller pA gangene taler for at der har veret lite svovel, saledes 
at ikke alt er felt, men nzsten bare solv. Ogsa det at selvglansen 
pa Kongsberg kan vere nesten kjemisk rent sglvsulfid taler for at 
der har veret svovelunderskudd (smlg. det side 10 nevnte forsok). 
Mineraler som dyskrasitt og scherbenkobalt viser at det har veret 
svovelmangel der hvor de er avsatt. Men de er dessverre meget 
sjeldne pa Kongsberg. 

En resulfidering av det metalliske solv er ingen sjeldenhet pa 
Kongsberg. Man kan finne temmelig tykke trader av solv som efter 
sin dannelse er overfort fullstendig i solvsulfid. Her er altsa skjedd 
en oksydasjon, og da ifolge det foranstaende svovelvannstoff ikke 
kan ha veret virksomt og alkalisulfid bare ved anodisk polarisasjon, 
ma man anta at det iallfall undertiden ogsa har veret andre virk- 
somme stoffer til stede. Som oksydasjonsmidler som kan virke 1 
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alkaliske sulfidoplosninger kunde jeg tenke mig femverdig arsen eller 
femverdig antimon. Disse skulde da virke efter ligningen: 


SbS,- -— +2 Ag=Ag,S +SbS,— - - 


og tilsvarende for arsen. Jeg provet dette ved to forsok: To sglv- 
spiraler, lengde 25 cm, vekt ca. 0,5 g, blev anbragt i hver sitt bombe- 
rer; den ene med 25 ml 0,1-normal kaliumsulfid plus 25 ml 0,033- 
molar natriumarsenatoplosning; den annen med 25 ml av den samme 
kaliumsulfid plus 25 ml 0,03-molar kaliumpyroantimonatoplosning. 
Rorene blev fullstendig evakuert, lukket og ophetet i termostat i 6 
timer til 130°. Efter ophetningen var traden i det arsenholdige rer 
bare ganske lett sveertet i den ene ende, og dens vekt var uforandret. 
Traden i det antimonholdige ror var dekket med et tykt lag sma gra 
krystaller som i farve og glans lignet solvglans; hist og her var der 
ogs4 redlige krystaller (sulfosaltet?) Traden var tiltatt 21,3 mg i vekt. 
Forklaringen pa resulfideringen kan da kanskje vere at antimon- 
holdende sulfidoplosninger har virket lokalt efter den egentlige malm- 
avsetningsperiode, eller iallfall efter tradsolvdannelsen. 

Den sannsynligste sammensetning av de solvavsettende oplos- 
ninger vil efter alt dette vere: 

Oplosningene har veret ngitrale eller alkaliske med karbonater, 
sulfater og klorider av alkali- og jord-alkalimetallene som hoved- 
bestanddeler; med sma mengder kolloid kiselsyre og aluminium- 
hydroksyd og med sma mengder anioner som fluor. I vel ennu 
mindre mengder har der veret en rekke tunge metaller: solv, kobber, 
bly, kvikkselv, arsen, antimon, vismut, jern, mangan, kobolt, nikkel, 
sink og kanskje ennu flere. Disse metaller har foreligget i ioneform, 
som frie ioner, eller som komplekse fluorider eller klorider e. |. 
Oplosningenes innhold av sulfid har efter alt 4 domme veeret ube- 
tydelig eller manglende; men dette er usikkert. Det er tvilsomt om 
der overhodet har veeret noget fri kullsyre til stede. 

Det hele behover neppe ha veret sa forskjellig fra moderne, 
tertizere eller eldre termalvann. De overordentlig tallrike slike vann 
som er analysert viser naturligvis meget store forskjeller, men ogs& 
enkelte like trekk: hovedinnholdet er alkalier og jordalkalier vesentlig 
sammen med de allestedsnerverende klor- og karbonationer, men 
oftest ogsa sulfationet. Sulfidionet mangler oftest. I sma mengder 
Annies fluorider, borsyre og kolloidal kiselsyre. Tunge metaller er 
pavist mange ganger, ofte flere metaller sammen i samme vann, men 
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alltid i ytterst beskjedne konsentrasjoner, saledes at de bare med 
vanskelighet kan pavises. Reaksjon ngitral eller svakt alkalisk. Sali- 
niteten kan vere fra 2—300 til 10000 pr. 10° deler vann. 

Selvsagt ma man, som for bemerket, vere klar over at der sa 
vel lokalt som i tid har veret plass til store variasjoner pa Kongs- 
berg. Helt ukjent er det ogsa i hvilken grad oplosningene har blandet 
sig med andre oplgsninger, f.eks. med vadost vann. 

Temperaturen under solvavsetningen: Det er almindelig antatt 
at sglvet er avsatt pa gangene ved forholdsvis lav temperatur. Hele 
mineralselskapet viser hen pa 100—200°. C. Bugge (25) og A. Bugge 
(21) utreder dette neermere; ifglge den siste er det rimelig at tempera- 
turen har veret nermere 100 enn 200°. 

H.C.H. Carpenter og M.S. Fisher (26) kunde ved en av dem 
funnen slipemetode fremkalle mikrostrukturen hos metallisk solv. 
De undersokte da ogsa et stykke plateformet solv fra Kongsberg, 
og fant at det begynte 4 omkrystallisere ved ophetning til 210°, 
hvilket viser at det ma vzre dannet ved en lavere temperatur og 
aldri tidligere kan ha veret ophetet sa hoit. — Det er foretatt flere 
undersgkelser for 4 fastsla den temperatur ved hvilken rent sglv, 
som ikke viser nogen likevektsstruktur, begynner 4 omkrystallisere. 
Jeg kan nevne at G. Tamman (124) fant 140°. 

Jeg har valgt 4 gjore de fleste av mine forsok ved 130°. Det 
er en temperatur som turde ligge ner optil den som har hersket 
under sglvavsetningen. Sannsynligheten av denne lave temperatur 
gjorde det nodvendig 4 finne en ny (og i og for sig rimeligere) for- 
klaring pa dannelsen av det sakalte tradsolv, og kan videre tjene til 
4 skjalte ut enkelte reaksjoner som vel kunde tenkes 4 ha spillet en 
rolle ved forekomstens dannelse, men som viser sig 4 ga meget 
langsomt, eller slett ikke, ved denne temperatur. 


Selvets utfelling pa gangene. 


Hvorledes kan man sa tenke sig at solvet er felt ut av disse 
tynne oplgsninger som sulfid eller som metallisk solv? Der foreligger 
her en rekke muligheter, hvorav flere kan vere sannsynlige. Man 
ma vere klar over at av flere mulige prosesser vil den sannsynligste 
vere den som virker raskest. Det er derfor viktig, ikke bare a 
fastsla at en prosess kan ga i det hele tatt, men ogsé 4 bestemme 
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hvor hurtig den gar; i det hele ma man soke 4 bestemme de forskjellige 
prosessers relative hastighet under sa vidt mulig like betingelser. 

Der foreligger i alt fire forskjellige hovedmuligheter for solv- 
fellingen: 

1. Sglvoplosningene kan ha reagert med eldre mineraler i 
gangene eller deres sidesten. 

2. Solvet kan vere felt ved elektrolyse (eller andre fysiko- 
kjemiske prosesser). 

3. Selvoplgsningene kan ha reagert med andre, annetsteds fra 
tilsigende oplosninger. 

4. Selvoplosningene har ikke reagert med noget annet i det hele, 
men sglvfellingen skyldes prosesser som foregar i oplosningene selv. 

Disse fire muligheter, som delvis griper over i hverandre, be- 
handles i det folgende vesentlig hver for sig. De fleste av mine 
forsok er utfort for a belyse fellingen ved mineraler. Nar jeg allikevel 
behandler de andre muligheter, er det for 4 fa det hele mest mulig 
i en logisk sammenheng. Da dette arbeide er av rent kjemisk art, 
har jeg ved opstillingen av disse muligheter sett bort fra at f. eks. 
den tredje av geologer muligens vil opfattes som lite rimelig. 


1. Selvoplosningers reaksjon med mineraler. 


Sporsmalet er: i hvilken form og med hvilken (relative) hastighet 
kan de forskjellige mineraler som finnes i gangene og i deres side- 
sten felle solv av rene sglvoplgsninger, og av selvoplosninger tilsatt 
andre tunge metaller, og hvilke reaksjoner er det som foregar? 

Prosessene far en viss likhet med dem man antar har veeret 
virksomme ved sekunderanrikning av solv og sglvglans ved for- 
vitrende forekomster, og mange av de resultater man har fatt ved 
undersokelsen herav kan anvendes her — dog med de modifika- 
sjoner som er en ngdvendig folge av at temperaturen her er noget 
hgiere, og forholdene for ovrig ogsA noget anderledes. 

Nar man ser bort fra de egentlige gangmineraler (kalkspat, 
flusspat, kvarts, barytt), som man, av for antydede grunner, ma anta 
ikke har kunnet felle solv, er de mineraler som finnes i gangene og 
deres sidesten, og som man kunde formode vilde vere virksomme; 
kiser (sulfider, sulfosalter, arsenider etc.), silikater og oksydiske 


mineraler. I det folgende behandler jeg de tre grupper av mineraler 
hver for sig. 
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Selvoplesningers reaksjon med kiser. 


Ved solvoplosningers reaksjon med kiser kan man skille mellem 
fire tilfeller: 

A. Rene solvoplosninger reagerer med rene mineraler. 

B. Solvoplosninger som foruten solv inneholder ett (eller flere) 
andre tunge metaller reagerer med rene mineraler. 

C. Rene solvoplosninger reagerer med en mekanisk blanding 
av to eller flere mineraler. 

D. Selvoplgsninger som de under B nevnte reagerer med en 
blanding av to eller flere mineraler. 

De forsok som faller inn under kategorien C omtaler jeg under 
forsokene med elektrolyse; og forsok under D har jeg overhodet 
ikke utfort, fordi forholdene da blir noget for innviklede. 


A. Rene solvoplosningers reaksjon med rene kiser. 


Herom er der i tidens lop skrevet adskillig. Selv i dette det 
enkleste tilfelle er forholdene temmelig kompliserte, idet en hel 
rekke faktorer spiller inn. Ett og samme mineral fra forskjellige 
lokaliteter synes undertiden 4 kunne opfore sig noget forskjellig, uten 
at man har kunnet si hvorfor. De dannede produkter er solv og 
sglvsulfid; disse kan dannes hver for sig eller samtidig. Det som 
bestemmer hvad som dannes og reaksjonshastigheten er oplosningenes 
konsentrasjon og surhetsgrad, temperaturen, mineralets virksomme 
overflate og kjemiske sammensetning og de med den siste sammen- 
hengende oploselighet i vann, spaltbarhet og elektriske egenskaper. 
Jeg skal nevne nogen av de tidligere arbeider: 

Den forste som undersokte sulfatoplosningers reaksjon med 
sulfider var E.F. Anthon (2). Hans forsok er gjentatt fullstendigere 
av E. Schiirmann (106) som fant at sulfidene kan stilles op i en 
rekke hvor hvert sulfid vil felle av sulfatoplosning som sulfid alle 
de metaller som er hgiere i rekken, mens angjeldende metall selv 
felles av sulfidene av de metaller som star lavere i rekken. Rekken er: 


Pd Hg Ag Cu Bi Cd Pb Zn Ni Co Fe T] Mn. 


Alle de nevnte metallers sulfider, undtagen palladiums og kvikksglvs, 
- vil alts felle solv av solvsulfatoplosninger. Serien synes a svare til 


de metasomatoser som finnes i naturen (37). — J. Lemberg (73) 
undersokte svovelsure sglvsulfatoplosningers reaksjonsevne pa frisk 
2 


Norsk geol. tidsskr. 19. 


18 EINAR JENSEN 
Ow ee 
polerte flater av kiser, og inndelte kisene derefter i fire grupper: 
1: De som raskt omsettes i solvsulfid (sinkblende, auripigment, 
greenockitt); 2: Som raskt utfeller fritt solv (lollingitt, broget kobber, 
kobberglans, smaltin, radnikkelkis, arsen, chloantitt, fahlertser); 3: Som 
under omstendigheter gir fritt solv (blyglans, milleritt, magnetkis, 
koboltnikkelkis, kobberkis, gersdorffitt, antimonnikkelglans) og 4: Som 
forandres meget langsomt av sglvoplosninger (pyritt, markasitt, kobolt- 
nikkelkis, delvis fahlerts). Disse forsok gjorde han ved forskjellige 
temperaturer op til 100°, og fant at ved denne siste temperatur er 
dannelsen av metallisk solv umerkelig i lopet av 1—15 minutter; 
der dannes bare sglvsulfid. — Schiirmanns resultater er forresten 
bekreftet av R.C. Wells (139). 

C. Palmer og E. S. Bastin (91) undersokte mineralenes evne til 
A felle solv av ‘0-normal oplosning ved almindelig temperatur. Til- 
setning av natriumbisulfat til oplosningen bevirket ingen forandring, 
og tilsetning av kobbersulfat eller sinksulfat hadde liten eller ingen 
forandring tilfolge. De gir en rekke for mineralene efter deres virk- 
ningsegrad : 

Meget sterk: Kobberglans, niccolitt. 

Sterk: Covellin, enargitt, bornitt, tennantitt, alabandin og muligens 
koboltglans. 

Moderat: Speiskobolt, markasitt, magnetkis, kobberkis, arsenkis. 

Svak eller uvirksom: Zinnober, antimonglans, blyglans, svovelkis, 
milleritt, sinkblende, jamesonitt, auripigment, realgar. 

De mener at hydrolyse spiller en viktig rolle i reaksjonene. 

C. Palmer (89) fremhever som et viktig sglvfellende mineral 
niccolitt. Han (90) slutter av kvantitative forsok at i speiskobolt (CoAs,), 
lollingitt (FeAs,), saffloritt (CoAs, . FeAs,), maucheritt (Ni,;As,) og 
niccolitt (NiAs) oksyderes arsenet av solvet i solvsulfat til arsensyrling. 
Svovelkis (FeS,), markasitt (FeS,) og haueritt (MnS,) angripes ikke av 
solvsulfat, og heller ikke arsenkis (FeAsS), koboltglans (CoAsS) eller 
ullmannitt (NiSbS). Derav slutter han at gruppene —S, og —AsS 
neppe feller solv. 

E. Posnjak (95, 96) fant at sé vel naturlig som kunstig kupro- 
sulfid feller bade solv og solvsulfid, mens naturlig og kunstig kupri- 
sulfid feller bare solvsulfid, efter ligningene: 


Cu,S +4 AgNO, =2 Cu (NO,), +Ag,S+2 A 
CuS +2 AgNO, =Cu (NO,), + Ag,S 


SO@LVET PA KONGSBERG 19 


og at dette kan benyttes til 4 bestemme mengde- 
forholdet mellem de to sulfider av kobber i en 
blanding (med en feil pa 1,5%o). 

Ifelge W.H. Emmons (37) behandlet H.C. Cooke 
pulverisert antimonglans med kold, tynn solvsulfat- 
oplgsning, og fikk en rik antimonsglverts, som han 
dog ikke identifiserte som polybasitt. 

For ovrig kan jeg nevne arbeider av F. F. Grout 
(47), R. C. Wells (139) og G. Shouten (108). 

Alle de nevnte forsok er ikke direkte sammen- 
lignbare. De er utfort med mineraler av meget 
forskjellig og til dels ukjent kornstorrelse, ved 
forskjellige temperaturer og med sglvoplosninger 
av forskjellig konsentrasjon. Forsgksvarigheten er 
ogsa meget forskjellig. 

For nu a fa sammenlignbare, kvantitative og 
reproduserbare malinger av de forskjellige kisers |_——_—SJ 
sglvfellende evne valgte jeg denne fremgangsmate: Fig. 2. 

Alle forsok er gjort i rgr av ngiaktig samme form 
(fig. 2). Deres volum er ca. 100 ml. De er lette a4 fylle og smelte igjen, 
og ogsa lette 4 evakuere nar dette er pakrevet. De er laget av duran- 
glass eller andre tungtangripelige glassorter. De blev ophetet ved 4 stil- 
les loddrett i et oljebad, saledes at oljen gikk et stykke opover stilken. 
Oljebadet var utstyrt med rg@rer, og blev ved hjelp av en termo- 
regulator ophetet til en bestemt temperatur i et bestemt antall timer. 
Som temperatur valgte jeg 130°, som vel kan ha hersket i naturen. 
Forsoksvarigheten er oftest 20 eller 6 timer. Da jeg, av hensyn til 
eksplosjons- og brannfaren, ikke kunde ophete mine ror om natten, 
matte ophetning til 20 timer fordeles pa 2 eller 3 dager. Dette synes 
dog ikke 4 influere resultatene, fordi reaksjonshastighetene efter en 
forste ophetning pa nogen timer vil vere meget sma ved verelse- 
temperatur. Ved en del forsok er, av forskjellige grunner, rorene 
ophetet bare til 100°. 

Til alle forsok er anvendt 50 ml veske. Som s@lvoplasning er 
anvendt nzsten mettet solvsulfat-oplosning. Selvnitrat turde jeg ikke 
bruke pa grunn av nitrationets oksyderende virkning, mens sulfationet, 
som nevnt, meget vel kan ha veret til stede i de naturlige oplosninger. 
Undertiden har jeg anvendt sglvbikarbonat (selvkarbonat lost i kull- 
syreholdig vann). Den felte solvmengde blev bestemt ved efter 
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avkjoling & ta ut en alikvot del av de 50 ml (10—15 ml) og bestemme 
den gjenverende solvmengde ved titrering med ammoniumrhodanid 
efter Volhard. De to paralelltitreringer avvek sjelden med mere enn 
0,02 ml, var avvikelsen storre, blev der gjort flere titreringer. Som 
kontroll blev solvet undertiden ogs& bestemt vektsanalytisk, saledes 
i kobberholdige oplasninger, med tilfredsstillende resultat. 

De anvendte mineraler er, nar de ikke kunde skaffes helt rene, 
efter forsiktig grovknusning utplukket sa rene som mulig under lupen. 
De er sa knust op og siktet. Til forsokene blev anvendt fraksjonen 
40—80 mesh. Til hvert forsok er avveiet ngiaktig 1,000 gram mineral 
(undertiden 0,500 g). Nar jeg valgte a ta like store vektsdeler av 
mineralene i steden for 4 veie dem av slik at de fikk like store 
virksomme overflater, har dette flere grunner. Selv tilsynelatende 
friske krystaller kan inneholde tallrike, usynlige spalter, hvilket 
E. C. Sullivan (121) viste ved forsok; det gjor en ngiaktig beregning 
av deres virksomme overflater temmelig illusorisk. De forskjellige 
mineraler spaltes op pa en meget forskjellig mate, saledes at de 
enkelte korns overflate ikke uten videre kan beregnes av deres ut- 
malte diametre. F. eks. gir blyglans terninger, antimonglans lange 
naler, molybdenglans tynne skjell, svovelkis og magnetkis temmelig 
runde stykker. Nar jeg har valgt sa rummelige grenser for korn- 
stérrelsen som 40—80 mesh, er det fordi det ellers vilde ha veret 
vanskelig a skaffe tilstrekkelige mengder rene kiser. Fors@kene er 
altsa ikke helt sammenlignbare for de forskjellige mineraler. 

De anvendte kiser fremgar av tabellen side 21.! 

Jeg gjorde ogsé nogen prover med syntetisk fremstillede mine- 
raler. (Forresten fant E.G. Zies og medarbeidere (144) ved forsok 
med felling av kobbersulfatoplosninger at der ikke er nogen forskjell 
pa naturlige og kunstige mineraler.) Jeg fremstillet (efter K. Jellinek 
og J. Zakowski (63)) antimonglans, kobberglans og covellin. Analyser 
viste de teoretiske sammensetninger. 

Som kontroll pa at glasset i rorene ikke reagerer med solv- 
oplgsningene ophetet jeg i hvert av to rer 50 ml solvsulfatoplosning 
av normaliteten 0,04706 i 6 timer til 130°. Efterpa fantes ved titrering 
av prover pa 10 ml normalitetene 0,04704 og 0,04715; i middel 
0,04710 — uforandret innenfor avlesefeilen pa byretten. 


' Konservator Ivar Oftedal har velvilligst skaffet mig de fleste av disse mineraler 


fra Universitetets samlinger pa Toyen, hvorfor jeg bringer ham min hjerte- 
ligste takk. 
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Formel Lokalitet 


1 Svovelkis FeS, Setregruben, Ostfold 

2 Kobberkis CuFeS, Telemark 

3 Magnetkis FenSn+1 Setregruben, Ostfold 

4 Koboltglans CoAsS Skutterud, Modum 

5 Arsenkis FeAsS Darbu, Fiskum 

6 Sinkblende ZnS Zinkholmen, Bellsund, Svalbard 
ch Sinkblende ZnS Sauda 

8 Kobberglans CueS Bamanga, Ponthierville, Belg. Congo 
9 Auripigment As2S3 Ukjent 

10 Molybdenglans MoS, Knaben II 

11 Antimonglans SbeS3 Ukjent 

12 Vismutglans Bi.S3 Kjenner, Asker 

13 Blyglans PbS Przibram 

14 Blyglans PbS Tarnowitz 

15 Realgar ASoSo Korsika 

16 Skutteruditt CoAsz Skutterud, Modum 

17 Niccolitt NiAs Annaberg 

18 Ullmannitt NiSbS Siegen 

19 Proustitt AgsAsSz Colquechaca, Peru 
20 Proustitt AgsAsSz Kongsberg 
21 Markasitt FeS, Karlsbad 
22 Speiskobolt CoASsz Riegelsdorf 
23 Rammelsbergitt NiAss Schneeberg 
24 Milleritt NiS Gap mine, Lancaster co. U.S. A. 


For a kontrollere at forsokene virkelig er reproduserbare har 
jeg gjort parallellforsok med enkelte mineraler (tabell 2): 1,000 g mine- 
ral (40—80 mesh) i 50 ml solvsulfatoplosning (normalitet ca. 0,045) 
i 20 timer ved 130°; som mal for den felte solvmengde er opfort 
prosent av den oprinnelig tilsatte mengde; nederst ogsa to forsok 
med kobberkis: 0,500 g, 6 timer, 130°, normalitet bare 0,0158: 


Fapelt.2. 
: %y felt 
Kis ' 5 
Sinkblendesmen te Orestes 8,5 7,6 
Blygianss mir 14 ev. nyo. 17,8 18,7 
ArSenkismemnnEoecicae ae = 2 54,2 50,3 
OD DEK ISian tay2 weenie cere ort 25,8 27,9 


_ Tallene viser at forsokene er reproduserbare. Jeg har derfor, og 
fordi forsokene tar lang tid, i de fleste tilfeller ikke gjort parallellforsok. 
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For a vise at den felte solvmengde er proporsjonal med den 
tilsatte mineralmengde, og alts& proporsjonal med mineralets over- 
flate, gjorde jeg parallellforsok med 1,000 og 0,500 g mineral (50 ml 
oplosning, 20 timer ved 130° — for magnetkis dog bare ophetet i 
6 timer) — tabell 3: 


Tabeil3: 


% felt av 


Koboltglans, nr.4........ 


Svovelkisiint emcee eee 13,3 
Avriplgment) nto vee ear 60,5 
IMaenetkiS a Mrs Smertrcei cir 20,6 


En del forsok er gjentatt, dels med mineraler fra andre lokali- 
teter, dels med syntetiske mineraler (tabell 4, 1,000 g mineral, 
20 timer, 130°): 


Tabell 4. 
; % felt 

Kis solv 
Sinkblendessnia. cw seer 30,1 
Sinkblende sini One ec 8,5 
Blyglans,. nrg l Sick yaiensetoeie tere sirens 17,8 
Bly glance melas, oct ware ao eeeeeien 19,4 
Antimonglans mts leer eee ene 13,8 
Antimonglans, syntetisk ............ 14,3 
Proustitt seme O erernceie sine peeee nna 7 5,6 
Proustittc nracO\ennns.ceheeucmeiene tote 4,6 


Bortsett fra sinkblenden (hvorom side 28), ser man at resultatene 
er meget konstante. Viktig er det ogsa at de dannede produkter i 
mikroskopet viste sig 4 vere meget like for de forskjellige prover 
av samme mineral. Dette viser berettigelsen av 4 anvende mineraler 
fra andre steder enn Kongsbergforekomsten, hvilket jeg er tvunget 
til, da helt rene mineraler ikke lar sig skaffe i tilstrekkelig antall 
eller mengder derfra. 

For 4 avgjore om det surstoff som befinner sig i den luftfylte 
evre halvdel av rg@rene i nevneverdig grad er i stand til a oksydere 
de anvendte mineraler under de gitte forsoksbetingelser, ophetet jeg 
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0,500 g av forskjellige mineraler i vann i steden for i solvsulfat- 
oplgsning. Bare magnetkis blev en smule angrepet, der var dannet 
litt svovelsyre og litt jernhydroksyder. For de andre var sulfat- 
dannelsen savidt paviselig. 

Resultatene av en rekke forsok med sulfider, utfort pa den 
neynte mate (1,000 g mineral av storrelsen 40—80 mesh, 50 ml 
solvsulfatoplosning av normalitet 0,042—0,046, 20 timer ved 130°) 
finnes i tabell 5, hvor de forskjellige mineraler er ordnet efter av- 
takende virkning. Der er alltid dannet solvsulfid, og ogsa i mange 
tilfeller en del metallisk sglv. Dette siste foreligger i forskjellige 
former, og i tabellen har jeg forsokt 4 antyde hvad det er som er 
dannet. Dessverre er solvkrystallene sé sma at det neppe vil vere 
mulig 4 male ut vinklene ordentlig pa dem. Det kan vere sma, 
rundaktige krystaller (,krystaller“), eller lange, forgrenede, grantre- 
lignende (,treer“), eller flate, meget tynne skjell (,,skjell“), eller trader 
lignende det naturlige tradsglv (,,trader“). 


Tabell 5. 


Salv- 
oplgsningens 
normalitet 


Kis %o felt Anmerkning 


Kobberglans, nr.8.... 0,04265 Krystaller, rikelig 
Covellin, syntetisk .... 0,04265 Intet solv 

IMASTICLKIS | Ola DS pratee » 0,04551 Krystaller og trzer 
Vismutglans, nr. 12... 0,04265 Krystaller og skjell 
Auripigment, nr.9.... 0,04441 Intet solv 

Kobberkis, frs2> 3.2. 0,04551 Pafallende kompakte krystaller 
Sinkblende;s nr? s..2. 0,04551 Adskillig krystaller 
Milleritt, nt. 24 yec1.. 216 0,04665 En del krystaller 

Kealeare mre 15 oi. a2 <i 0,04665 Sma krystaller 

Mankasitiae ihe 2 lee gab 0,04665 Skjell og store krystaller 
Molybdenglans, nr. 10. 0,04265 Selv i mange former 
blyglans, nt 145.2. - 0,04265 Hist og her krystaller 
Blyglans, nr. 13....... 0,04265 Hist og her krystaller 
Antimonglans, syntetisk 0,04265 Trader og krystaller 
Antimonglans, nr. 11 .. 0,04265 Trader, krystaller og naler 
SVvoOvelkissm nity litre: 0,04441 Adskillig krystaller 

Stik Dlen demi Oueies 0,04551 Ganske lite krystaller _ 
Stefanitt (fra Kongsberg) 0,04441 Mange sma krystaller 
Rroustitt, nil 9 eerie 0,04665 Krystaller, m. sparsomt 
OE Wie AOSe . oa oe 0,04441 Krystaller, m. sparsomt 


I siste kolonne har jeg forsokt 4 antyde arten av det metalliske 
solv, slik som det fortoner sig i mikroskopet, ved disse beteg- 
nelser. Da solvsulfld alltid er dannet, nevner jeg intet om dette. — 


24 EINAR JENSEN 


Forsokene er ikke utfort til samme tid, hvorfor jeg har mattet bruke 
sglvsulfatoplosninger av litt forskjellig normalitet; denne er derfor 
opfort i tabellen. 

Det vilde veere meget onskelig 4 bringe pa det rene hvor meget 
av solvet er felt som metallisk solv, og hvor meget som sulfid. 
Dessverre kjenner jeg ingen metode som tillater 4 bestemme dette 
ved nerver av andre sulfider. Sa lenge de to er alene kan man 
skille dem ved sur ferrisulfat- eller ferrinitrat-oplosning, hvori bare 
det metalliske solv loses. Men andre sulfider loses i disse oplgs- 
ninger pa grunn av den sure reaksjon, under svovelvannstoff-utvikling; 
og dette svovelvannstoff feller det loste solv igjen, eller det oksyderes 
av ferri-ionene til fritt svovel som ogsa feller det loste solv som sulfid. 
En rekke forsok viste at metoden derfor her er fullstendig ubrukelig. — 
Jeg forsokte ogsa 4 lose solvsulfidet i kaliumcyanid-oplosning (hvori 
solv ikke loses sa lenge luften ikke har adgang); men forsokene 
forte ikke frem, blandt annet fordi mange av kisene ogsa loses i 
kaliumcyanid. Jeg matte derfor ngie mig med a fastsla under mikro- 
skopet om der er meget eller lite metallisk solv til stede. 

Tabellen viser at selv disse enkle sulfider opforer sig ytterst 
forskjellig, ikke bare ved den hurtighet de feller med, men ogsa 
derved at nogen feller bare, eller nesten bare solvsulfid, mens andre 
ved siden av feller betydelige mengder metallisk solv. Hvad skyldes 
dette forskjellige forhold? 


Fellingen som sulfid. 


Man skulde her anta at sulfidenes oploselighet skulde spille en 
stor rolle, og at fellingen derfor skulde ga paralellt med E. Schiirmanns 
serie, eller snarere med de, senere nevnte, av O. Weigel bestemte 
oploseligheter. Likesé kunde affiniteten til svovel kanskje spille inn? 
Under passende konsentrasjonsbetingelser skulde man vente at enkelte 
av disse reaksjoner var reversible. Det er, ifolge H. Schneiderhohn 
(105), merkelig nok ikke tilfelle. Han sier at tallgse eksperimenter 
og naturiakttakelser (vesentlig p& sekunderforekomster?) viser dette, 
og mener at det henger sammen med de to omstendigheter at de 
fleste sulfider er variable ledere og at de ikke lases pa nogen enkel 
mate i vann. Reaksjonsforlopet mellem kiser og metallsaltoplosninger 
skulde da best kunne opfattes ved 4 forsta det hele som galvaniske 
elementer (irreversible); saledes at ioneutbyttingen forst og fremst 
bestemmes ved metallenes spenningsrekke. 
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O. Weigel (137) har ved ledningsevnemalinger med stor ngi- 
aktighet bestemt oploseligheten i vann av sAvel krystalliserte som 
frisk felte (amorfe?) sulider. Han kom til at sulfidene i vandig 
oplgsning med stor sannsynlighet dissosierer trinvis, slik at den 
aller storste del av det oploste foreligger som kompleksioner og bare 
en forsvinnende liten del som atomare ioner. De oploseligheter han 
kom til var (i mol. 10~® pr. liter): 


Frisk felte 


Krystalliserte 


labandintzce & seers <2 54,4 |Mns |71,6 
WaApnePKiS Siler. eps ste 53,6 | ZnS | 70,6 
Svovelkis (Freiberg) ...... 48,9 |FeS |70,1 
Svovelkis (kunstig)....... 40,8 |CoS | 41,6 
Wurzitt (kunstig) ........ 28,8 | NiS_ | 39,9 
MUMLeritt (kinStie) Oe oi oc 16,3 | CdS 9,0 
Greenockitt (kunstig)..... 9,0 |SbeS3 | 5,2 
Sinkblende (Santander) ... 6,55 | PbS 3,6 
Sinkblende (kunstig) ..... 6,63 | CuS 3,5 
KoOpDEerglansS.ta4.7 cee ee Oy ASaSe esl 
Blyglans (Freiberg)....... 1,21] AgeS | 0,55 
Blyglans (kunstig)........ 1,21] BigSg | 0,35 
SOV PLAMS apes © weWeierens clas. =< 0,55 | HgS 0,054 


L. Bruner og J. Zawadski (16) kommer ved 4 bearbeide dels egne 
bestemmelser (som er gjort ad analytisk vei) og dels andres, til helt 
andre verdier; de finner rekkefolgen: Mn FeTIZnCd Pb BiCu Ag Hg. 
De slutter derfor at ledningsevnemetoden ikke er brukbar til sadanne 
bestemmelser (ikke enkel dissosiasjon). 

Det er efter dette ikke rimelig at man av de kjente oplgselig- 
heter skulde kunne regne sig til hvordan sulfidene reagerer med 
vandige oplgsninger. Dog var det 4 vente at selvsulfid, som det 
tyngst oplaselige av de sulfider det dreier sig om, skulde falle ut pa 
alle de andre, hvilket altsa er tilfelle. 

Problemet om den fraksjonerte felling av sulfider er ogsa 
undersokt av R.C. Wells (139, 141) ved tilsetning av et under- 
skudd_ sulfid-ioner til blandede tungmetallsaltoplosninger. Han fant 
ogsa at vesentlig bare ett sulfid (det tyngstoploselige) felles efter 
rekken: Hg Ag Cu Bi Cd Sb Sn Pb Zn Ni Co Fe" As Mn. Lignende 
undersokelser er foretatt av O. Ruff og B. Hirsch (103). Well’s 
rekke stemmer, som man vil se, med Schtirmanns. 
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K. Jellinek og J. Zakowski (63) fant at sulfidenes svoveltensjoner 
ved 0° tiltar omtrent efter rekken Pb, Fe, Co, Bi, Sb, Hg, Ag. Rekken 
viser ingen likhet med de foregaende. 
Oversikt over disse resultater (idet jeg sloifer av listene de ele- 
menter jeg ikke har gjort forsok med): 


Schiinsmann=Wellsten sce Ag Cul! Bi Sb Pb Zn Ni Fe 

Weigel (krystallinske)...... Ag Pb Cul Zn Ni Fe 

Weigel (amore) ie rreeniensr Bi Ag As Cull Pb Sb Ni eran 
Bruner-Zawadski.......... Ag Gua Bi Pb Zn Fe 
Minesforsaks-epieeriier erate Ag Zn? Sb Pb Mo Ni Zn Bi Fe Cu! Cull 


Rekkene stemmer, som man vil se, bare matelig overens, men 
dog sapass at man kan anta, at det stort sett er sulfidenes relative 
oplgselighet i vann som bestemmer hvor hurtig solv skal felles pa 
dem av sglvoplosninger. Pafallende er det dog at kobbersulfidene, 
som hgrer til de tyngst oploselige, feller solv sa raskt. For kupro- 
sulfidets vedkommende henger dette muligens sammen med at det 
i ganske stor utstrekning er blandbart med solvsulfid ved forsoks- 
temperaturen, likesom de to ved samme temperatur diffunderer ganske 
raskt i hinannen. 

En annen ting som viser at det er vesentlig sulfidenes oplase- 
lighet som bestemmer deres solvfellende evne, er den parallellitet 
der er mellem denne evne og deres evne til 4 ngitralisere en sur 
oplosning og til 4 redusere treverdig jern eller femverdig arsen i 
vandig oplosning. G.S. Nishihara (86) og F. F. Grout (47) gir lange 
lister over forsoksserier som er gjennemfort ved almindelig temperatur 
og som viser dette for ngitralisasjon av svovelsyre og for reduksjon 
av treverdig jern. Jeg gjorde nogen fa forsok (deriblandt ogsa med 
den forst senere omtalte magnetitt) for 4 prove om man har denne 
parallellitet ogsa ved 130°. Jeg ophetet 0,500 g av mineralet (40— 
80 mesh) i 20 timer til 130° med 50 ml 0,05-molare oplosninger av 
kobbersulfat, ferrisulfat og natriumarsenat (som var ngitralisert med 
svovelsyre); og bestemte hvor meget kobber var felt og hvor meget 
jern og hvor meget arsen var redusert til den lavere valens. I ferri- 
sulfatoplosningen var der dannet noget hydroksyd. I tabellen (tabell 6) 
er til sammenligning opfort de tilsvarende resultater av forsok med 
solvsulfat, men med 1,000 g mineral. 
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Pabeliac: 
rr TY 
Ag SOx, CuSQ, Fe,(SO,4)3 NagAsO, 
% felt %o felt % red. % red. 


NVACHCLKIG WTS Se ee neas co. Sek ee tee 99,2 30,5 | 44,0 9,2 
Sinkblpnde.carwIlsc.4.. bes ve sosded. os 30,1 23,5 13,5 13 
Bim biende ar G.......-.-«-:.......: 8,5 4.9 6.5 0,8 
Macnctigmee. anaes le Or 6,6 31 | 63 1,0 


Et viktig trekk ma jeg fremheve ved alle disse forsok, nemlig 
at det dannede sglvsulfid alltid er utfelt p& mineralenes overflate, 
aldri har jeg iakttatt dannelse av kolloide sulvsulfidoplosninger eller 
av fintfordelt solvsulfid i vesken. Mineralene fikk fullstendig solv- 
glansens farve og glans; hos f. eks. auripigment eller covellin sa det 
hele ut som pseudomorfoser av sglvglans efter mineralet, idet mineral- 
kornenes form var beholdt helt uforandret. Svovelet kan altsa ikke 
ha foretatt nogen lengere vandring, men er stort sett blitt pa plass, 
selyv om der (nemlig pa grunn av rumgitterforholdene) naturligvis 
ikke er tale om nogen fortrengning av metallsulfidene ,molekyl for 
molekyl“ — undtaken muligens hos kobberglans som jo er isomorft 
blandbar med solvsulfid. 

At svovelet ved fortrengninger iallfall i nogen grad vandrer 
aktivt, folger av at man savel i naturen som ved kunstige forsok 
(G. Shouten (108) og Zies-Allen-Merwin (144)) har iakttatt, at det 
nydannede mineral alltid er krystallinsk og til dels sitter pa spalter 
i det gamle. Dette skulde tyde pa at det oprinnelige sulfid primert 
er gatt i oplosning, og det kan stemme med at sulfidenes oplgselighet 
synes 4 vere avgjorende for fellingshastigheten. Det har jo ogsa 
vist sig at mens naturlige fortrengninger av mange av disse mineraler 
ved solvglans ikke er sjeldne, er pseudomorfoser bare kjent for 
ganske fa. 


Fellingen som metallisk sglv. 


Mens sulfidenes felling av solvsulfid altsé lar sig forklare noksa 
enkelt som en dobbelt omsetning, er det mere innviklet 4 forklare 
hvorfor sa mange av dem feller ogsa metallisk solv. 

Det er lett for de kiser hvis kation i vandig oplosning er i 
stand til 4 redusere solvoplosninger; eftersom solvet felles (som 
sulfid) ma jo en tilsvarende del av kationet loses og i oplosningen 
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redusere ut en passende (ekvivalent) mengde solv. Derfor feller 
magnetkis, kobberkis, realgar, molybdenglans, markasitt, svovelkis, 
antimonglans adskillig solv; mens covellin og lys (d. v. s. jernfattig) 
sinkblende (mineral nr. 6)) feller bare, eller nzesten bare solvsulfid. 
Ferrojernrik, mork sinkblende (mineral nr. 7) feller ogsa en del 
metallisk solv. Men det forklarer ikke hvorfor mineraler som vismut- 
glans, milleritt og blyglans ogs& feller adskillig metallisk solv. For- 
klaringen er ikke bare at disse mineraler holder reduserende forurens- 
ninger. Bortsett fra litt toverdig jerni milleritten, lar sadanne sig nemlig 
ikke pavise i den tilstrekkelige mengde ved kvalitative analyser. — 
Merkelig er det ogsa at auripigment ikke feller metallisk solv, til tross 
for at arsenikkoplosninger reduserer solvoplosninger ved 130°, som 
forsok har vist. Da forklaringen muligens kunde ligge i at solvsulfat- 
oplgsningene reagerer for surt, gjentok jeg forsoket med auripigment 
og solvbikarbonatoplosning, men med samme resultat. 

For 4 vise at felling som metallisk solv virkelig skyldes neerveer 
av et reduserende kation, var det jeg gjorde forsok med to sinkblender; 
den ene (nr. 6) jernfattig (0,70% jern), den annen (nr. 7) jernrik 
(3,54% jern). Den forste felte bare ubetydelig metallisk solv, den 
annen temmelig meget. At den siste ogsa felte flere ganger sa meget 
solvsulfid (sammenlign side 22) kan skyldes at gitteret er blitt mere 
ustabilt pa grunn av den storre jernmengde, oploseligheten er blitt 
storre (sammenlign ogsA tabell 6, side 27). 

Det er flere mulige forklaringer pa at de ikke reduserende kiser 
(vismutglans etc.) feller metallisk solv. L. Tronstad (127) og L. Tron- 
stad og T. Hoverstad (128) har papekt at optreden av det sakalte 
Becquerel-fenomen kan veere arsaken, eller ogs4 dannelsen av ,lokal- 
elementer“ pa kisenes overflate (smlg. side 54). 

Der er en tredje mulighet, nemlig den at solvionene skulde kunne 
oksydere sulfidsvovelet til sulfat eller svovelsyre, mens en tilsvarende 
del av salvionene reduseres til metallisk solv. Nogen sadan virkning er 
visstnok ikke pavist for solv; derimot kjenner man en, ikke helt analog, 
reaksjon hos kobber. Det er en kjent sak at man ved 4 felle kuprisalt- 
oplosninger med svovelvannstoff foruten kuprisulfid ogsa far dannet 
noget kuprosulfid. H.N. Stokes (114) viste at svovelkis og markasitt 
ved oplutning til 200° i kuprisaltoplosninger alltid felte to atomer 
kobber for hvert atom jern som gikk i oplgsning, og tilsvarende var 
kobber eller jern eller begge redusert; svovelkis ophetet med kupri- 
kloridoplosning leverte kuproklorid; kuprisulfid (ikke kuprosulfid) 
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leverte ved 100° med kuprikloridoplosning svovelsyre. E. G. Zies 
og medarbeidere (144) fant at ved 40°, 100° og 200° reagerer en 
rekke kiser med svakt sure kobbersulfatoplosninger efter ligningen: 


a MeS+b CuSO,+¢ H,O=x Cu,S+y MeSO,+2z H,SO,. 


Nu vil det i alle tilfeller vere vanskelig 4 forfolge med nogen 
ngiaktighet dannelsen av sulfater av kiser ved oksydasjon med solv- 
oplosninger, fordi denne reaksjon vil vere helt underordnet den 
samtidige uundgaelige solvsulfiddannelse; og fordi det vil vere van- 
skelig 4 bestemme ngiaktig mengden av eventuelle tungtoploselige 
sulfater (ved blyglans blysulfat, ved vismutglans basisk vismutsulfat) ved 
nerver av store mengder angripelige sulfider (og dertil sulfatet fra 
solvsulfat). Selvnitrat turde jeg ikke bruke. — At sulfatdannelse 
virkelig skjer, fastslo jeg ved dette forsok: 

0,3 g blyglans (nr. 13) (40—80 mesh), 25 ml destillert vann, 
1,0 g sglvacetat (sulfatfritt) og 1 ml eddiksyre (for a hindre for 
sterk hydrolyse av s@lvacetatet) blev ophetet i et almindelig skytergr 
hvor all luft var fortrengt ved lengere tids gjennemledning av luftfri 
kuldioksyd. Som kontroll hadde jeg et parallellforsok, som var helt 
identisk med hovedforsgket, kun var sg@lvacetatet erstattet med en 
ekvivalent mengde natriumacetat (0,81 g). Rorene blev ophetet sam- 
tidig i 8% time til 140—150°. Efter apning blev innholdet i begge 
behandlet pa samme mate: blysulfatet lost i natriumacetat, solv felt 
med saltsyre (bf. naturligvis bare i det ene tilfelle) og bariumklorid 
tilsatt. I kontrollforsoket kom der forst efter en tid en tvilsom blak- 
ning av bariumsulfat, i hovedforsoket straks et lite bunnfall. 

Nu kunde man innvende mot denne prosess at det dreier sig 
om en elektrolytisk virkning, en anodisk oksydasjon, enten ved paret 
solvsulfid-kis eller ved Becquerelfenomenet. Nu kan imidlertid ogsa 
solvsulfid oksyderes av solvsulfatoplosning til metallisk solv. Her 
synes Becquerelfenomenet (d. v. s. konsentrasjonskjeder) helt ute- 
lukket, det er bare ett sulfid til stede sa et elektrodepar finnes ikke. 
Her ma en oksydasjon ved solvionet finne sted, vel ved hjelp av 
lokalelementer. For A vise at der av solvsulfid med sglvsulfat- 
oplosninger virkelig dannes metallisk solv, gjorde jeg flere forsok, 
med forskjellige prover av solvsulfid. Forsokene lykkedes_ alltid. 
Jeg kan nevne et par: 

1,00.g finpulverisert, krystallinsk solvsulfid blev i et rummelig, 
luftfylt skyteror ophetet med 50 ml solvsulfatoplosning (av normali- 
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teten 0,0418) i 18 timer til ca. 145°. Pa grunn av omstendighetene 
fikk roret sta uapnet ett ar. Da var oplosningens solvinnhold falt 
med 10,9%. I mikroskopet kunde ses en hel del meget sma solv- 
krystaller. 

I et skyteror blev solvsulfatoplosning felt med et underskudd 
svovelvannstoff, luften blev fordrevet med luftfri kuldioksyd og rgret 
efter gjensmeltning ophetet forst i 14 timer til 154—155°, sa i 
11 timer til 170°. — Ved 4 fylle rgret pa denne mate var jeg sikker 
pa a fa et solvsulfid uten overskudd av solv eller svovel. — Sulfidet 
var blitt krystallinsk, og der var dannet nogen fa, noksa sma sglv- 
krystaller — dog tydelig synlige ved 90 gangers forstorrelse. 

0,1028 gselvsulfid (40—80 mesh) i 60 ml solvsulfat (normalitet 
0,04706) blev ophetet i 92 timer til 139—140°. Normaliteten var 
da falt med 2,3 %, svarende til at 7,0 mg solv var felt av de ca. 
305 mg som var til stede i oplosningen. Der var dannet synlige solv- 
krystaller, men der var ikke dannet paviselige mengder fri svovelsyre. 

Prosessen er for langsom til 4 kunne forklare dannelsen av 
metallisk solv i forsokene med kiser. Dog er det mulig at den gar 
raskere nar selvoplasningene far virke direkte pa et lettere oploselig 
sulfid. Det er kanskje mulig at solvoplosninger ved tilstrekkelig lang 
tids innvirkning pa solvsulfid eller et annet sulfid ved hjelp av denne 
reaksjon kan oksydere sulfidsvovelet fullstendig til sulfat, slik at slutt- 
produktet er rent metallisk solv. Den omstendighet at solvioner 
apenbart ikke oksyderer oploste sulfidioner pa denne mate, tyder pa 
at neerveer av sulfider som fast fase er nodvendig for at prosessen 
kan ga, og at derfor eksistensen av lokalelementer pa solvsulfidets 
overflate er den egentlige arsak til oksydasjonen. 

Foruten sulfider har jeg ogsAd provet en del arsenider, mineraier 
av arsenkistypen etc. pa deres solvfellende evne (tabell 7, forklaring 
smlg. tabell 5). Forsoksbetingelser noiaktig som opgitt for tabell 5. 


La Dell ede 


Solvoplesningens 
normalitet 


% felt Anmerkning 


Suittenttc ities an | Cle 0,04665 Trer 
Rammelsbercittentm 2om ames 0,04665 Treer 
Ullmannitt; rin 16 So emenee rte 0,04665 Skjell, naler 
Arsenkis, DTS Oyad adenine ey aeear 0,04551 Skjell 
ATSENKISh nity Outer Cee eee ee 0,04265 Skjell 
Koboltslanssnina4i- eee eee 0,04441 


Krystaller, trader 
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Der er felt rikelig metallisk solv, hvilket er lett & forklare ut 
fra disse mineralers sterke reduserende virkninger (smlg. ogsa side 18). 
Resultatene ‘stemmer ikke med det av C. Palmer (90) fundne at 
gruppene —S, og —AsS ikke angripes av solvsulfat. 

Ifelge C. Bugge (24) er den viktigste fahlbandskis magnetkis, 
i mindre mengde finnes kobberkis og koboltglans og magnetitt og 
ilmenitt. Kobberkis finnes serlig i Underbergsbandet. Enkelte steder 
(Jonsknutskjzrpene) finnes litt arsenkis. Kobberglans, broket kobber 
og blyglans er meget sjeldne. Sinkblende finnes undertiden i litt 
sterre mengder. De viktigste uedle ertser pa gangene er svovelkis, 
kobberkis, sinkblende og blyglans (de tre siste har ofte et hgit 
solvinnhold). 

De forsok jeg ovenfor har beskrevet er gjort med forholdsvis 
sterke sglvoplosninger i lopet av kort tid. For 4 fa rede pa i hvilken 
grad resultatene lar sig overfore pa de naturlige forhold (langvarig 
innvirkning av tynne oplgsninger) har jeg, for nogen av de oven- 
nevnte band- og gangkiser, forsokt 4 forfolge fellingshastigheten som 
en funksjon av tiden og av sglvoplgsningens konsentrasjon. 


Sgelvfellingens avhengighet av fellingstiden. 


Den del av solvet som er felt som metallisk solv sitter for sin 
storste del, eller helt, som krystaller, ujevnt fordelt rundt pa kiskornenes 
overflate, og dekker, selv der hvor det er temmelig meget av dem, 
bare en liten del av denne. I mellemrummene mellem dem er det 
et belegg av solvsulfid, som man av de irisfarver som optrer ved 
forsgkenes begynnelse kan se er iallfall nogenlunde jevntykt. Efter 
at det forste sulfidbelegg er dannet skulde man vente at fellings- 
hastigheten skulde avta, fordi belegget skulde hindre oplosningen i 
a komme frem til kisens overflate. F. F. Grout (47) fant ogsa at 
fellingen avtar med tiden, og tilskriver dette det nydannede belegg. 

Hvis dette er tilfelle, skulde diffusjonen av de forskjellige ioner 
gjennem dette sulfidlag kunde bli den hastighetsbestemmende faktor. 
Fglgende beregning vil vise hvorvidt en diffusjonsprosess kan for- 
klare solvfellingens avhengighet av ophetningstiden og av konsen- 
trasjonen. 

Diffusjonen kan forega pa flere mater. Solvionene kan fra op- 
lgsningen diffundere inn mot sulfidets overflate, og denne diffusjon 
kan forega gjennem selve solvsulfidet — at dette er mulig skal jeg 


omtale nzermere under tradsglv, side 80. Sulfidets kationer ma ogsa 
trenge ut gjennem sulfidlaget, og da dette ikke for alle kationer 
kan skje med den nodvendige hastighet gjennem selve solvsulfidet, 
ma de apenbart finne sig vei langs spalter og porer i solvsulfid- 
laget. Hermed er intet sagt om arten av de reaksjoner som fore- 
gar, eller om i hvilken fase (veeskefasen eller den faste fase) de 
skjer. Svovelet ma Apenbart flytte sig noget. Det er tenkelig at 
ogsa svovelionene diffunderer ut sammen med kisenes kationer, 
saledes at opbyggingen av solvsulfidlaget skjer pa dettes ytterside, 
mens antakelsen av at sglvionene diffunderer inn til mineralets 
overflate ma ha den konsekvens at opbyggingen skjer pa innsiden. 
Det er dog lite rimelig at svovelionene skulde diffundere slik, idet 
konsentrasjonen av svovelioner eller kiskationer derved ikke kan 
bli storre enn svarende til kisenes oplgselighet i vann. 

Forsokene er gjort pa folgende mate: 1,000 g av mineralene 
(av kornstorrelse 40—80 mesh) er i de tidligere nevnte rer ophetet 
med 50 ml sglvsulfatoplosning i 20, 6 og 2 timer til 130°. Kalles 
her den i oplosningen til enhver tid verende selymengde (beregnet 
som metallisk solv) m, den ved forsokets (tidens) begynnelse for m, 
og den til enhver tid felte solvmengde for p, alt malt i milligram, 
og husker man videre at det tversnitt diffusjonen skjer gjennem er 
lik mineralets overflate, far man for diffusjonen av solvioner gjennem 
solvsulfidskiktet: 

Ifolge Ficks lov er: 


dp=r-q-“at 


hvor dp er den i tiden dt gjennem flaten q diffunderte mengde nar 
: d 
konsentrasjonsfallet er a og I altsa sulfidlagets tykkelse. Konsen- 
trasjonen av sg@lvioner pa sulfidlagets innerside kan her uten merk- 
bar feil settes lik null; males konsentrasjonen ved m har man kon- 
: oh 
sentrasjonsfallet lik ae Dette er omvendt proporsjonalt med 1 og 
direkte proporsjonalt med m. Videre er / proporsjonal med den felte 
solvmengde p. Da man til alle forsok har brukt samme mengde 
mineral er q lik en konstant for alle forsok med samme mineral. 


Innsettes alt dette i uttrykket for Ficks lov, fas dp=k- “at hvor 
p 


m=m,-~-p. Innsettes dette gir ligningen lost: 
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k= Fe (im ae a 
t Mo—P My 

Beregningen av diffusjonen av kiskationene ut gjennem sulfid- 
laget lar sig ikke utfore sa enkelt. Benyttes de samme betegnelser 
_som tidligere, og kalles konsentrasjonen av kiskationene utenfor sulfid- 
skiktet (i oplosningen) for c og den tilsvarende konsentrasjon innerst 
i porene for C, og mengden av oplgst (eller omsatt) kis for o, alle 
malt ved den ekvivalente mengde solv, gir Ficks lov: 


Her er c og o proporsjonale med p, og “ er lik a C er ganske 


ukjent; den er ganske sikkert betydelig storre enn c. Den er, da 
kisene er sa meget lettere oploselige enn sglvsulfid, pa grunn av den 
dobbelte omsetning som finner sted ved kisens overflate, voksende 
med voksende m. Settes den proporsjonal med m (hvilket er en 


ganske ubevist antakelse) fas, ved innsetning i uttrykket for Ficks lov: 
dc C—c mk,—pk, 


dp=k- 7 dt=k—— dt=k pk, 


Her er tellerens forste ledd meget storre enn det siste; sloifes dette fas 


a 


Mm i. 
dp=k,— dt—k, seme 


Det er det samme uttrykk som tidligere er funnet. 
Hvis svovelionenes diffusjon utad er det avgjorende fas som for: 


dc S—s S—s 
Her er S svovelionkonsentrasjonen innerst, s er svovelionkon- 

sentrasjonen ytterst. Her ma s vere meget liten pa grunn av det 
store overskudd av sglvioner i oplosningen. Man kan derfor til- 
nermet sette S—s=S. Da opbyggingen av sulfidlaget her skjer 
pa utsiden, ma S vere bestemt bare ved kisens oploselighet og diffu- 
sjonen ut; da oplosningen aller innerst ma antas a vere tilnzermet 
mettet, fas at S ma vere en konstant. Innsettes dette i ovenstaende 
uttrykk fas 

pdp=k,Sdt=k,dt 

2 


Whee 


Norsk geol. tidsskr. 19 
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Tabell 8: 
Forsoksvarighet 20 timer. 


Selvopl. 


Kis normalitet oe P | : 
Maenetkisieermr-aer 0,04551 246,1 | 244,1 |336 
KobberkiSameeerr 0,04551 246,1| 124,7| 2,46 
Svovelkis pareeen cee 0,04441 240,1] 31,9] 0,116 
Blyglans nr.13.... 0,04265 230,6| 43,1] 0,230 

0,04265 230,6| 41,0] 0,207 
Sinkblende nr. 6... 0.04551 246,1| 20,9] 0,047 
0,04265 230/6)|(5 51765) 0.035 
Tabell 9. 
Forsoksvarighet 6 timer. 
4 Selvopl. 
Kis normalitet P k 


WENN SIS goog oo 0.04618 249.7 | soles) |1c02 


Kobberkis......... 0,04618 | 249,7) 62,8 | 1,59 
Blyglans .......... 0,04618 | 249,7] 21,2 | 0,159 
Svovelkis ......... 0,04618 | 249.7] 21,2 | 0,159 
Sinkblende........ 0,04618 | 249,7| 11,5 | 0,045 


Av utledningen av uttrykket under den forutsetning at solv- 
diffusjonen innover alene bestemmer den sglvfellende hastighet folger 
at alle kiser ma felle like fort; fordi det er bare oplosningens solv- 
ionkonsentrasjon som bestemmer diffusjonshastigheten. Utregningen 
for kiskationenes diffusjon gir en lignende lov, og viser at de for- 
skjellige kiser ma kunne felle forskjellig, fordi C apenbart ma veere 
avhengig av kisens oploselighet. — Disse to prosesser kan (og ma, 
hvis skiktet bygges op pa sin innside) forega samtidig. Av uttrykket 
for fellingens avhengighet av svovelionenes diffusjon utad folger at 
solvfellingen ma vere uavhengig av solvoplosningenes konsentrasjon. 

Resultatet av malingene finnes i tabell 8—10 og en oversikt over 


de funne verdier av k, beregnet efter uttrykket k= os [in ay Sah 
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Tabell 10. 


Forsoksvarighet 2 timer. 


| Solvopl. 


normalitet 
WAASTIET RAS me ete ete 0.04618 dit | LOMO TS 
0,04697 2241-0527 
ISODDEFKIS! 5s, 3.5 6 0,04697 50,3 | 2,88 
SVOVEIIIS ieee cae oF - 0,04697 9,2 | 0,085 
Sinkblendé:.>.--. . 0,04697 8,7 | 0,079 
Papell ait 


Oversikt over verdiene av k. 


Kis 20 timer| 6 timer | 2 timer 


IM APIO DIAS aw mais ial oicteh 0,08 
0,53 

KiGbDer Kista «ene ave - 2,9 

SVOVEIKISH Ae Move ere cues 0,085 

Blyolans se cmseet= eee. 

Sinkblende 0,079 


i tabell 11. I fig 3 er kurvene beregnet av uttrykket ved hjelp av 
middeltallet av de for hvert mineral funne verdier av k. 

For de fire siste mineraler fas altsa verdier av k som er nogen- 
lunde konstante — iallfall av samme storrelsesorden. ker, som man 
vil se, i hoi grad avhengig av p, en feil i bestemmelsen av denne, 
selv innenfor forsoksfeilen, vil derfor bevirke en stor variasjon i k. 
Variasjonene i denne holder sig innenfor en storrelsesorden, og viser 
ingen regelmessig gang. Derav slutter jeg at diffusjonen i solvsulfid- 
laget er medbestemmende for solvfellingens avhengighet av tiden 
for disse mineraler (smlg. side 34). Magnetkis forholder sig vesentlig 
forskjellig fra de andre; k vokser her voldsomt med tiden; tabellene 
viser da ogsa at for dette mineral vokser den felte solvmengde 
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raskere enn proporsjonalt med ti- 
den. Hvordan denne forskjell fra 
de andre mineraler skal forklares 
vet jeg ikke. Det kan neppe ligge 
i volumforholdene. Volumet av 
den mengde mineral som holder ett 
gramatom svovel er riktignok storre 
for -solvsulfid enn for nogen av de 
nevnte fem mineraler, saledes at 
det var tenkelig at solvoplosningene 
ved 4 trenge inn pa spalter skulde 
bidra til a sprenge. mineralene i 
stykker og derved forgke deres 
Fig. 3. Kurvene er nedenfra for: reagerende overflate; men hvorfor 
sinkblende, svovelkis, kobberkis. denne virkning skulde vere storre 
for magnetkis enn for de andre 
(f. eks. enn for svovelkis, som har et ennu mindre sadant volum) er 
ikke klart. Forklaringen er kanskje at der hos magnetkis ikke dannes 
et helt sammenhengende solvsulfidlag, men at der i steden skjer 
en ujevn optering av kisen med en oking av dennes reagerende 
overflate som resultat. 

Ovenstaende resultat kan for de fire mineralers vedkommende 
benyttes til en beregning av hvorledes fellingen vil vere avhengig 
av tiden ved lengere tids ophetning i en solvoplgsning av konstant 
konsentrasjon. Ved a benytte de samme betegnelser som tidligere 
far man pa samme mate, ved a regne med solvionenes diffusjon, 


10 20 t 


m 
la hvor konstanten k er den samme som for, og hvor nu 


ogsa m, er en konstant; ligningen gir derfor last; '2p?=km,t hvor 
altsa ¢ er timer, p er den pa 1,000 g mineral (av kornstorrelsen 
40—80 mesh) felte solvmengde og m, er antall milligram solv pr. 
SO ml oplgsning. 

Ved hjelp av de utmalte kornstorrelser, mineralenes spesifikke 
vekter og ved videre 4 innfore visse forenklende forutsetninger om 
kornenes form kan man beregne at | g mineral svarer til en over- 
flate pa 12—15 cm’. Derav lar sig beregne at kobberkis, med 
konstanten lik 2,3, av en oplosning med 250 mg solv pr. 50 ml efter 
1000 dggn vil ha felt ut et solvsulfidlag pa bare 0,30 mm tykkelse, 
og dette lag vil i lopet av de neste 1000 timer tilta med 0,006 mm, 
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mens det lag man far i de forste 20 timer (som i forsokene) er 
pa 0,0089 mm, og pa den forste time 0,0020 mm. Prosessen blir 
altsa, selv for et sa kraftig fellende mineral som kobberkis, efter 
nogen tid en meget langsom. En fullstendig:fortrengning av ennu 
storre korn av f. eks. sinkblende ved ennu tynnere selvoplasninger ma 
derfor ta overordentlig lang tid hvis den virkelig skal forega pa denne 
mate. Anderledes vil det naturligvis vere hvis disse mineraler loses 
aktivt av en oplasning som samtidig avsetter solvsulfid; men da vil jo 
disse mineraler egentlig ikke ha noget 4 gjore med selve sglvfellingen. 

Magnetkis forholder sig altsa helt anderledes, idet den solvfellende 
virkning, i stedet for 4 bli nesten umerkbar med tiden snarere synes 
a vokse. Som sglvfellende mineral i naturen skulde man derfor forst 
og fremst vente a finne denne; og pa Kongsberg skulde man, hvis 
fahlbandskisen har virket kjemisk fellende, vente 4 finne bandenes 
magnetkis omgitt av en hinne av solvsulfid. Det er aldri iakttatt. 


Solvfellingens avhengighet av oplosningenes 
konsentrasjon. 


Forsokene er gjort som folger: 0,500 g mineral av kornstorrelsen 
40—80 mesh er ophetet i 6 timer til 130° i 50 ml solvoplosning av 
‘ varierende konsentrasjon. Da det viste sig at kisenes reaksjon 1 
kulden med de til dels temmelig tynne oplgsninger kunde gi en 
merkbar feil, er rgrene ophetet sa snart som mulig efter gjensmelting 
og oplasningene igjen analysert sa snart som mulig efter avkjgling. 
Resultatene ses av tabellene 12—15 og figurene 4—6. For magnet- 
kisens vedkommende falt resultatene sa ujevnt ut at jeg for dette 
mineral gjentok forsokene med opl@sninger av nogenlunde samme 
konsentrasjon som de forst benyttede, og da med noget avvikende 
resultater. Hvorfor magnetkis gir sa lite konstante resultater vet jeg 
ikke; ikke bare her, men ogsa ved de fleste andre forsok med dette 
mineral er det langt vanskeligere enn for de andre 4 fa parallell- 
forsok til 4 stemme overens. 

De ovennevnte forsok over fellingens tidsavhengighet har vist 
at iallfall for nogen kiser lar det hele sig beregne som en diffu- 
sjonsprosess. Det kunde derfor vere hensiktsmessig 4 se om en 
sadan beregning ogsa kunde fore frem her. 

_ Regningen blir den samme som tidligere, og man kommer frem 
til de samme uttrykk. For 4 vise i hvilken grad forsokene stemmer 


“i> 


Fig. 4. Magnetkis. 
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med regningen har jeg i den gra- 
fiske fremstilling av sammen- 
hengen mellem m, og p tegnet inn 
kurver beregnet efter uttrykket 


Srl eraser aaa som er 
t igs iit, 

det som best stemmer med for- 
sokene. Kurvene er beregnet ved 
hjelp av verdier av k som er 
valgt avrundet men slik at kur- 
vene kommer til 4 ligge neer op 
til de funne verdier for et mine- 
ral — de er altsa ikke beregnet 


ved hjelp av middelverdier av de 


verdier av k som ett og samme mineral har gitt i de forskjellige 
forsok. Man vil se at fellingen avtar meget mindre med fallende 
konsentrasjon enn formlen krever. For magnetkis er p relativt lite 


variabel. 


Denne overensstemmelse med beregningen, og den omstendighet 
at de forskjellige mineraler feller med forskjellig hastighet, men slik 
at forholdet mellem deres fellingshastigheter er meget mindre enn 


forholdet mellem deres oploselig- 
heter, kan tyde pa at det er den 
samtidige diffusjon av selvioner 
innover og kisenes kationer ut- 
over som bestemmer fellings- 
evnen. En diffusjon av svovel- 
ioner kan ikke forklare avhengig- 
heten av konsentrasjonen, og en 
beregning viser at diffusjon i 
veesken utenfor kisen (f. eks. av 
sélvioner eftersom veesken om- 
kring kiskornene utarmes pa solv) 
ikke engang tilnermet kan for- 
Klare det faktiske kurveforlop — 
dessuten vil denne, hjulpet av 
konveksjoner, vere en altfor rask 
prosess. 


9/0 


60 


20 


100 


m, mg 
Fig. 5. Kurvene er nedenfra for: lys sink- 
blende, mork sinkblende, kobberkis. 
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Leds Betas = 2 eb ke eas 


100 200 300 m, mg 


Fig. 6. 
I. Lys sinkblende. Inntegnet den beregnede kurve for k=0,02. 
Il. Merk sinkblende. Inntegnet den beregnede kurve for k=0,1. 
III. Kobberkis. Inntegnet den beregnede kurve for k=0,5. 


Uansett hvad forklaringen er, viser forsokene at sglvfellingen 
ikke er proporsjonal med oplgsningenes konsentrasjon, men avtar 
betydelig langsommere enn denne, og at i meget tynne solvoplas- 
ninger vil ved lang tids innvirkning magnetkis vere langt den beste 
solvfeller av de undersgkte mineraler. 


Tabell 12. 


Mork, jernrik sinkblende (nr. 7). 


Selvopl. 
normal.tet 


0,04697 


0,03405 183,7 14,0 a) 0,094 
0,02233 120,3 11,1 9,2 0,091 
0,01592 85,9 9.6 ‘2 0,095 
0,00961 51,8 7,9 15,2 0,11 
0,00613 33,1 6,5 19,5 0,12 
0,00401 21,6 5,9 ie 0,11 


40 


EINAR JENSEN 


Labellsi3: 
Lys jernfattig sinkblende (nr. 6). 


Salvopl. > k 
normalitet | 4b | P ane 
0,04697 253,4 7,4 2,9 0,018 
0,03405 183,7 3,0 1.6 0,004 
0,02233 120,3 oon 4,7 0,018 
0,01592 85,9 4,9 ey 0,024 
0,00979 53,9 3,6 6,7 0,021 
0,00682 36,8 32 8,6 | 0,024 
0,00394 Pye 3,5 16,2 0,053 
Tabell 14. 
Kobberkis. 
Selvopl. o/ felt 
normalitet 
0,04697 253,4 39,7 
0,03405 183,7 29,2 15.9 0,45 
0,02233 120,3 24,0 19,9 0,44 
0,01592 85,9 22.2 25,8 0,58 
0,00979 53,9 20,5 38, 1 0,89 
0,00682 36,8 18,7 50,7 1,23 
0,00394 21.3 14,7 68,9 1,66 
a De Lilaia: 
Magnetkis. 
Salvopl. 
normalitet | i | e *o Felt k 
0,04697 253.4 38,9 15,4 0,56 
0,04618 249.1 33,6 13,5 0,42 
0,03480 187,7 27,7 14,7 0,38 
0,03360 181.2 29,7 16,4 0,34 
0,02271 122.5 26,4 21,6 0,56 
0,02218 119.8 38,2 31,9 1 30 
0,01612 87,0 24,1 PLAT 0,69 
0,01581 85,3 36,0 42.1 1,79 
0,00979 52,8 48,3 89,9 22,4 
0,00961 51,9 34,5 66,3 3,70 
0,00682 36,8 34,3 93,2 10,8 
0,00613 33,1 26,8 81,0 4,7 
0,00401 21,6 19,3 89,0 4,7 


0,00394 Biz 17,9 84.5 37 
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B. Rene kisers reaksjon med solvoplosninger som er 
tilsatt et annet tungt metall. 


Hvis solvoplesningen foruten solv inneholder et annet  tungt 
metall (og det ma man i naturen anta den har gjort) ma man vente 
at solvfellingen delvis modifiseres. Selv om dette annet element 
danner et sulfid som er tyngre oploselig enn den anvendte kis, kan 
man neppe vente a fa dannet et sulfidovertrekk som bestar av annet 
enn sglvsulfid sa lenge det er solv igjen i oplosningen. Det fremgar 
av de side 10 og side 25 nevnte forsok med fraksjonert felling av 
sulfider. Derimot kan kisenes elektriske egenskaper tenkes 4 modi- 
fiseres. G. Tammann (123) har vist at de potentialer mineralene 
(kiser og silikater) viser mot vann for en stor del skyldes at mine- 
ralenes overflate er ladet med fremmede ioner — forst og fremst 
vannstoffioner — og at det er meget vanskelig 4 skaffe sig helt friske 
overflater av naturlige mineraler. Malingene av de potentialer kisene 
viser mot rent vann eller saltoplosninger er gjort flere ganger (46, 110), 
men resultatene ma altsé anvendes med stor forsiktighet. Dog kan 
man forutse at en tilsetning av et tungmetallsalt til en solvoplosning 
pa grunn av denne adsorpsjon vil polarisere kisene og derved modi- 
fisere den innflytelse kisenes elektriske egenskaper har pa solvfel- 
lingens — f. eks. ved dannelsen av lokalelementer. Hertil kan komme 
en virkning, spesifikk for hvert element. Saledes reduseres nogen 
elementer av kiser (pa grunn av disses svovelinnhold) i vandig op- 
losning ned til et lavere oksydasjonstrin. Hvis elementet i denne 
lavereverdige form er i stand til 4 redusere ut metallisk sglv av 
solvoplgsning, og kisen reduserer det raskere enn den feller sglv, 
vilde dette bety en paskynding av sglvfellingen, og at solvet isteden 
for a felles vesentlig som sulfid vilde felles metallisk. De fa forsok 
jeg har gjort med reduksjon av jern og arsen (se side 27) viser 
imidlertid at denne prosess er langsommere en sglvfellingen, og der- 
for ikke kan spille nogen storre rolle. 

Jeg har gjort forsok med kobber og antimon. Til hvert forsok 
anvendte jeg 1,000 g mineral (40—80 mesh), 25 ml solvsulfatoplos- 
ning og 25 ml av en oplgsning som var 0,04 molar med hensyn pa 
kobbersulfat, resp. kaliumantimonyltartrat. Rorene blev ophetet i 
20 timer til 130°. Tabell 16 og 17. Til sammenligning henviser jeg 
til de tidligere tabeller. Solvopl. normalitet 0,04265. 


42 EINAR JENSEN 


Tabell 16. 


Salvfelling av kobberholdige oplasninger. 


Maonetkisneras rier 100 Store trer 

Covellin (syntetisk)... 100 Intet solv 

Kobberkis.. eee 100 Trer, naler 

AUMpPISmMenterieeer 100 Intet solv 

ATSENKIST. 5. or stecele eke 87,4 | Skjell 

(Vismutglans)........ (51,8) | (En del solv. Bare 
0,289 g mineral) 

Sinkblende; nts 7. 55,3 | Litt krystaller 

Blyglans nr 13 eee. 29,6 | Litt krystaller 

Svovelkissmer eee 27,9 | Kompakte krystaller 

Antimonglans «se. ae 12,6 | Trader 

Sinkblende ssn Gueanere 8,7 | Ganske lite krystaller 


Det metalliske sglvs utseende har forandret sig hos kobberkis 
og magnetkis. Fellingen er paskyndet hos auripigment og sinket noget 
hos antimonglans og sinkblende. Effektene er ikke betydelige. Ogsa 
C. Palmer og E. S. Bastin (91) viste at en tilsetning av kobbersulfat 
(eller sinksulfat) var uten innflytelse. En spesiell virkning hos kobber 
skulde veere at det gav anledning tii dannelsen av forholdsvis mere 
metallisk solv — hvilket ikke lar sig pavise sikkert i disse forsok, 
fordi man ikke kjenner nogen metode til a skille solv og solvsulfid 
her. Der ma nemlig dannes en del ioner av enverdig kobber. For 
det forste felles jo kobber av kiser alltid i enverdig form (se side 28), 
og for det annet reduseres kobber av metallisk solv ogsa til enverdig 
(se side 64). Virkningen herav kan vises pa denne mate: solvsulfid 
ophetet i solvsulfat leverer (se side 30) bare ganske lite metallisk 
solv, mens der ved tilsetning av kobbersulfat til solvoplosningen i 
Igpet av kortere tid dannes betydelig mere. 

Da man ikke kan holde solv og antimon oplost sammen i ngitral 
vandig oplesning uten videre, har jeg ved forsokene med antimon 
mattet ty til det kunstgrep a anvende brekkvinsten. Forholdene blir 
derved ikke akkurat sa like de naturlige, men resultatene er allikevel 
sapass interessante at jeg tar dem med her. Blandingen av anti- 
monyl-kalium-tartrat og sglvsulfat utskiller ved ophetingen en del 
klare krystaller som er en solvforbindelse — i en blindprove feltes 
derved 54,9%o av solvet. Tallene i tabell 17 er derfor ikke et mal 
for den felte solvmengde, men jeg forer dem op allikevel, fordi de 
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viser at i nogen tilfelle er det felt betydelig mindre solv enn det 
felles under de samme betingelser av antimonfri oplosninger. Merkelig 
er det her at over alt hvor metallisk solv er dannet, er det i form 
av trader, overordentlig lignende det naturlige tradsolv. Jeg skal 
senere komme tilbake til dette (side 89 ff.). 


Dabenls ti 


Solvfelling av antimonholdige oplasninger. 
Felt % 
salv 


Kis 


| Anmerkning 


Sinkblende, nr.6.... 8,1 Litt trader 

SVOVEIKISec nies te wai 5,4 | Intet solv 

Blyglans. nr 13) soe... 34,4 | En del sma trader 
COvellin cis aene ssa 100 Intet solv 
AUTIpigMent 225 224-0 60.4 | Intet solv 
KopDerplanSemmne cis o: 96,5 | Intet solv 

NAST EIKIS spores oe 58,6 | Noster av fine trader 
Antimonglans........ 38,0 | Intet salv 

Salvelaus, seads cep 39,5 | Litt trader 
KobbDerkis).gcretsance or | 67,4 | Masser av tradbundter 


I enkelte av forsokene kan kiskornene vere helt lodne av sglv- 
trader som synes 4 vokse ut av overflaten, og som lett brekker av 
ved basis. Svovelkis og magnetkis har utskilt meget mindre sglv enn 
de pleier a gjgre, og hindres altsa i sin s@lvfellende virkning av 
antimon. Svovelkis, kobberglans og antimonglans har her ikke dannet 
det minste synlig metallisk solv, hvilket de ellers gjor. Pafallende 
er det at antimonglans (alts4 antimonsulfidet) som i ren sglvoplasning 
danner adskillig tradsglv, ved tilsetning av antimon til oplosningen 
ikke mere gjgr dette. — Selv det lille solv som er dannet av solv- 
glans og sglvsulfat foreligger her som sma trader. 


Sslvoplesningers reaksjon med oksyder. 


Som almindelige bergartsdannende mineraler (oftest aksessoriske) 
forekommer, ogs& i bandbergartene pa Kongsberg, magnetitt og 
ilmenitt. Pa grunn av sitt ferrojerninnhold matte de kunne redusere 
solvoplosninger. Forsok bekreftet dette: (Tabell 18; solvoplosningens 
normalitet 0,04551, 1,000 g mineral (40—80 mesh), 50 ml opldsning, 


20 timer, 130°). 
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Tabell 18. 


EE 


Salv felt 
milligram 


Mineral Salv felt %o Anmerkning 


si dha ot aes Foe Me pes 1 6,8 Tallrike, m. sma sglv- 
krystaller. 

Pa de fleste mineralkorn 
overtrekk av m. fine 


solvkrystaller. 


Mas netitt creer neiners 6,6 


Ilmenitt fra Blafjell, Soggendal. 
Magnetitt fra Arendals jerngruber. Efter knusing renset ved magnetisk 
separasjon. 


Virkningen er alts ikke ubetydelig. Det er (motsatt tilfellet hos 
kiser) ingen grunn til 4 anta at virkningen skal avta raskt med tiden, 
eller hindres av andre ioner i oplosningen. Dette har jeg dog ikke 
gjort prover pa. 


Selvoplesningers reaksjon med silikater. 


Mellem 90 og 100% av sidestensbergartenes masse er silikater, 
hvorfor det kunde vere av interesse a fastsla hvorvidt og hvor raskt 
disse er i stand til a felle solv av oplosninger. Man kunde tenke sig 
at de kunde fjerne solv av sglvoplosninger ved iallfall fire forskjellige 
prosesser: 

1: Solvionene adsorberes av silikatpartiklene. 

2: Solvet felles ut som metallisk s@lv, fordi silikatet inneholder 
et reduksjonsmiddel for sglvioner, nemlig toverdig jern. 

3: Sglvet felles som oksyd — naturligvis bare av tilstrekkelig 
konsentrerte oplosninger. 

4: Silikatet utbytter en del av sine kationer mot sglvioner, slik 
at det dannes sglvsilikat, mens en ekvivalent mengde av SS 
kationer (f. eks. kalium) gar i oplosning. 

Jeg skal ikke ga nermere inn pa dette her. For 4 bringe pa 
det rene hvorvidt en eller flere av disse reaksjoner har spillet nogen 
rolle, og i tilfelle hvor raske reaksjonene er sammenlignet med de 
tidligere nevnte, matte man nemlig g& frem pa en helt annen mate 
enn i de tidligere nevnte forsok. Jeg har gjort adskillige forsok pa 
forskjellige mater, men de strandet alle pa at silikatenes hydrolyse, 
som kan vere meget merkbar ved almindelig temperatur (121), ved 
130° er sa kraftig at fellingen som sélvoksyd fullstendig dekker alle 
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andre fenomener; solvoksydet ligger for en stor del pa spalter i 
mineralkornenes indre. Og fellingen av solvoksyd er den eneste av 
de nevnte fire reaksjoner som sikkert ikke har spillet nogen rolle 
i naturen. 

Ad 1: C. W. Correns (33) har gjort inngaende forsok med 
adsorbsjon av kobber og bly pa sand, kaolin og (forsoksvis) kalkspat, 
og rekapitulerer dessuten en del av de resultater andre er kommet 
til. Han finner at selv av meget tynne oplosninger er adsorbsjon 
til kaolin merkbar, og kan fore til kobberinnhold i kaolinen pa 
optil 0,83%; ved lang tids (over 24 timer) innvirkning begynner en 
reaksjon mellem mineralet og det adsorberte. Sglv adsorberes sterkere 
enn disse to metaller og langt sterkere enn alkali- og jordalkali- 
metaller; hvorfor adsorbsjon av tunge metaller av saltoplosninger 
(som sjgvann) vel vil vere noget, men ikke meget, svakere enn i 
rent vann. — Efter dette skulde man tro at en sglvfelling ved 
adsorbsjon i sidestensbergartene pa Kongsberg vesentlig skulde vere 
avhengig av i hvor hgi grad selvoplosningene har kunnet gjennem- 
trenge sidestenen. 

Ad 2: I mine forsok med silikater og sglvoplgsninger ved 130° 
har mange av de sterkt ferroholdige silikater (biotitt, olivin, broncitt, 
hypersthen) felt adskillig metallisk solv, uten at jeg har kunnet finne 
at der er nogen sammenheng mellem den metallisk felte solvmengde 
og ferroinnholdet (som jeg bestemte) og hardheten. Om denne sglv- 
felling skyldes det toverdige jern som gar i opl@sning pa grunn av 
silikatenes hydrolyse i den svakt sure sglvsulfatoplosning, eller om 
den ogsa vilde skje i helt ngitral eller alkalisk oplosning, er uvisst. 
E. C. Sullivan (121) fremhever som et bemerkelsesverdig resultat av 
sine meget ngiaktige forsok at jernet i ferrosilikater ikke finnes i 
oplgsning istedetfor kobber efter at dette siste er felt ved silikater. 
Pa den annen side sitter i mine forsok det dannede solv alltid festet 
fast pa mineralkornene. — C. A. Minster (82) nevner et forsok som 
viser at man ogsa ved almindelig temperatur kan fa dannet solv 
slik: Et storre stykke av en nesten sort hornblendeskifer blev klovet 
pa midten og en solvkarbonatoplosning fikk cirkulere gjennem spalten. 
Efter et par uker var det dannet nogen fa tynne solvskjell. 

Ad 4: Det er omstridt i hvilken grad en sadan prosess kan 
24. Sullivan (loc. cit.) undersokte reaksjonen ved almindelig temperatur 
med en rekke mineraler og oplosninger og fant at i mange tilfelle 
synes der virkelig 4 vere en baseutbytning. Correns (loc. cit.) hevder 
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imidlertid at Sullivans resultater like godt kan forklares ved ad- 
sorbsjon. 

Jeg hadde hapet 4 kunne vise at ogsa silikatene har en merkbar 
evne til a felle solv av oplosninger. Hvis de det hadde, vilde det 
jo veret merkelig at solvet pa Kongsberg vesentlig var begrenset til 
de kisholdige band — hvis sidestenen da overhodet har virket 
kjemisk fellende. Imidlertid ma silikatenes forhold overfor solv- 
oplosninger, som nevnt, Apenbart undersokes efter ganske. andre 
metoder. Jeg skal derfor her ikke trekke nogensomhelst konklu- 
sjoner av ovenstaende. 

Den omstendighet at fahlbandsmineralene, iflg. C. A. Miinsters 
analyser (82) ikke har noget solvinnhold storre enn det som er 
vanlig i alle bergarter synes 4 vise at silikatene ikke har felt noget 
solv. Dette behover dog ikke bety at de ikke kan felle solv, men 
bare at de ikke har hatt anledning til 4 gjore det. 


Ekstraksjon av kisenes svovelinnhold. 


Foruten 4 anta at solvet er felt ved direkte kontakt ved bandenes 
mineraler, kunde man ogsa tenke sig den mulighet at solvoplosningene 
var i stand til 4 ekstrahere ett eller annet av bandene; seerlig matte 
man da tenke pa sulfidsvovelet, og at disse ekstrakter efterpa har 
bevirket sglvfellingen pa gangene. Er nu en sadan oplosning av 
kisenes svovelinnhold, enten ved svakt sure (kulsure) eller alkaliske 
(alkalikarbonatholdige) veesker mulig? 

Sure oplgsninger. En sadan tanke er J. H. L. Vogt (133) inne 
pa: oplosningene skulde pa grunn av sitt innhold av fri kulsyre ha 
utviklet svovelvannstoff av kisene, ikke raskt, men langsomt og 
Sparsomt, saledes at bare solv skulde vere felt av oplosningene, som 
kunde ha holdt ogsd andre tunge metaller. Men er nu den svake 
kulsyre overhodet i stand til 4 utvikle svovelvannstoff av kisene, 
eller i stand til 4 lette solvfellingen ved disse? Vogt angir ingen 
forsok som tyder pa dette. Nu er det ikke lett 4 gjore kvantitative 
forsok med kulsyre, og de forsok som her er gjort er derfor utfort 
med sterkere og mindre flyktige syrer. Jeg kan nevne: 

R. C. Wells (36) behandlet kiser (med kjent overflate) ved 
almindelig temperatur med 0,1 normal Svovelsyre og fant at de der- 
ved leverte svovelvannstoff; avtakende i rekken magnetkis, sinkblende, 
blyglans; tvilsomt for svovelkis og kobberkis. G. S. Nishihara (86) 
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behandlet mineralene ved almindelig temperatur i optil tre maneder 
med ‘/s-normal svovelsyre og fant at magnetkis, sinkblende, blyglans og 
noget markasitt, ogsa svovelkis og alabandin utviklet svovelvannstoff. 

F. Rosenkranzer (101) gjorde inngaende forsok med nogen 
sinkblender og en blyglans i svovelsyrer av prosentinnholdene 1,25, 
0,125 og 0,0125 uten lufttilgang under omrysting ved forskjellige 
temperaturer. Han viste derved at: den utviklede svovelvannstoff- 
mengde er direkte proporsjonal med tiden, med syrens konsentrasjon, 
med overflaten (d. v. s. omvendt proporsjonal med kvadratet av 
kornsterrelsen) og med den anvendte vekstmengde mineral; stigende 
med temperaturen. 

Dette viser at ogsa den svakere syre kulsyre muligens kan 
utvikle svovelvannstoff. Men vil dette bevirke nogen paskynding av 
solvfellingen? Kvantitative forsok av F. F. Grout (47, 48) med kobber- 
sulfat og selvsulfat tilsatt svovelsyre tyder ikke pa det. E. G. Zies 
og medarbeidere (144) iakttok ved sine forsok med felling av kobber- 
sulfat at virkningen ved svovelkis og kobberkis retarderes, mens den 
paskyndes ved blyglans, sinkblende, magnetkis og bornitt. C. Palmer 
og E. S. Bastin (91) fant at tilsetning av natriumbisulfat ikke hadde 
nogen innflytelse pa kisenes felling av salv. 

Jeg gjorde nogen forsok med magnetkis og sinkblende (nr. 6). 
(Tabell 19 og 20) 0,500 g mineral blev ophetet i en blanding av soly- 
sulfatoplosning (25 ml) og svovelsyre (25 ml) av normalitetene 0,1; 
0,01; 0,001 og rent vann. Rorene med magnetkis blev ophetet til 
130°, en gang i 4 timer og i en annen serie i3 timer. Rorene med 
sinkblende blev ophetet i 44 timer til 100°. Tabellen viser at svovel- 
syre nedsetter sinkblendens fellingshastighet for solv, mens virkningen 
hos magnetkis er mere uregelmessig. Sglvopl. normalitet 0,04665. 

Selv et stort innhold av fri syre bevirker altsa ikke nogen 
nevneverdig sterkere felling. 

Alkaliske oplosninger. Det har veret meget omstridt hvorvidt 
sulfider Igses i alkalier eller ikke. Dette synes iallfall delvis a henge 
sammen med at man ikke har holdt klart fra hverandre almindelig 
molekyler oplasning og kolloid oplosning. F. F. Grout (47) fant at 
selv i kulden danner mange sulfider (svovelkis, sink- og kobbersulfidene) 
med alkalier alkalisulfidoplosninger. L. G. Ravicz (97) fant at svovelkis 
og serlig magnetkis med enprosentig soda i lopet av nogen uker 
utvikler litt alkalisulfid, idet en solvstrimmel i veesken blev lett 
sveertet. Av solvertsene var der ingen som ved langvarig behandling 
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Tabell 19. Sinkblende. 


Svovelsyrens Felt % 
normalitet solv 


2,9 


Tabell 20. Magnetkis. 


Svovelsyrens Felt %o 
normalitet solv 
4 timer 
0,1 1 Te 
0,01 30.6 
0,001 14,8 
0 | 15.0 
3 timer 
01 15,9 
0,01 34,5 
0,001 aka 
0) | 12,0 


leverte det minste spor solv i oplosning, mens sulfosaltene naturligvis 
leverer adskillig arsen- eller antimonsulfid i oplosning. J. W. Gruner 
(49) fant at i halvprosentig natriumsulfid er ved 200 og 300” sulfidene 
ikke paviselig oploselige (naturligvis bortsett fra sulfidene av arsen, 
antimon og kvikksolv). F. Foreman (40) fant at kobberglans, svovelkis 
og magnetkis ved temperaturer fra 100 til 350° ikke loses paviselig i 
vann, natriumbikarbonatoplosning eller natriumsulfidoplosning (0,1 til 
3,0-normale). Deres oploselighet nedsettes av svovelvannstoff (det 
motsatte har undertiden veret anfort). R. E. Stevens (112) viste at 
svovelkis med natriumsulfid leverer natriumpolysulfid og magnetkis; 
natriumpolysulfidet holder litt av sulfidene i kolloidal oplgsning. 
Kolloidet felles imidlertid lett av sma saltmengder (0,021 ml klor- 
natrium, 0,0016 ml bariumklorid pr. liter). Det er polysulfidet som 
virker peptiserende. R. F. Weinland og L. Storz (138) opdaget en 
ciendommelig virkning av treverdig arsen i alkaliske oplosninger. 
De beviste at: 


2 CuS + Na,AsO,=Cu,S + Na,AsSO,. 
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Markasitt og svovelkis avgir bare meget lite svovel slik, svovelkis 

bare spor. En natriumarsenittoplosning som er behandlet med magnetkis 

gir efterpa ved behandling med saltsyre et bunnfall av arsentrisulfid. 

Sulfidene av sink, kadmium, bly, vismut og kvikksolv forandres ikke 
ved behandlingeén. 

Jeg gjorde folgende forsok: 0,500 g av forskjellige kiser (korn- 
storrelse mindre enn 80 mesh) blev ophetet i 50 ml 0,100-normal 
sodaoplgsning i 15 timer til 130°. Rorene var fullstendig evakuert. 
For a holde rogrene fullstendig fri for polysulfider var der i hvert 
av dem anbragt en solvtrad; selv en svak polysulfiddannelse vil gi 
sig tilkjenne ved at traden svertes. Foruten de tidligere nevnte 
mineraler blev der anvendt en magnetkis fra en solvforende gang 
pa Kongsberg, og en magnetkis fra Kongens grubes fahlband, utvunnet 
av bergarten ved magnetisk separasjon. Oplosningene blev prevet 
pa svovel med blyacetat og med nitroprussidnatrium. Resultatene 
finnes i tabell 21. 


Tabell 21. 


| Selvtradens 


Svovelion- 


vektforokelse i normalitet 
milligram 


farve 


Sinkblendetnr GY 2.200.)0..<%% Hvit ; 0 Intet svovel 
ICO DD ETKIS 2 cage tfors woudl Fach oue Lys gra 0 Intet svovel 
ISIVGIANS es VS mesic 7 oe sc oye Nesten hvit 0) Intet svovel 
VOM ERIS Peet oasis if elas eres « Lys gra 0 Intet svovel 
INNS SANS SMI Sy opie consis (soi Grasvart 0,6 0,0009 
Magnetkis fra band ......... Grasvart 0,1 0,0012 
Magnetkis fra gang ......... Grasvart 0,3 0,0039 


Oplgsningene var i alle tilfelle fullstendig farvelose. 

Av alt dette fremgar: den viktigste fahlbandkis, magnetkis, er 
den eneste av de undersgkte mineraler som under disse betingelser 
kan levere storre mengder svovel i oplosning. Den av Weinland 
og Storz funne effekt kan neppe ha veret virksom pa Kongsberg, 
da covellin der ikke spiller nogen rolle, og den effekt de fant for 
magnetkis kanskje like meget kan skyldes alkaliarsenittens alkaliske 
reaksjon som dens arseninnhold. 

Det vilde vere eiendommelig om de samme oplosninger som 
har avsatt magnetkis pa gangene, magnetkis som faktisk kan avgi 
en del av sitt svovelinnhold til alkaliske oplosninger, skulde kunne 
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ekstrahere sulfidioner av magnetkis i bandene. Det kan tyde pa at 
oplosningene, iallfall i den periode da gangenes magnetkis blev avsatt, 
ikke var i stand til 4 ekstrahere noget svovel fra sidestenen, men 
da ma man se sig om efter en annen kilde til gangkisenes svovel. 
Og det er visstnok ingen grunn til 4 anta at gangenes kiser skulde 
ha fatt sitt svovelinnhold fra nogen annen kilde enn sglvsulfidet har 
fatt sitt fra. 

Den omstendighet at det av soda ekstraherte svovel delvis fore- 
ligger som polysulfid tyder pa at det er magnetkisens svoveloverskudd 
som Igses. 

Jeg gjor opmerksom pa at det solv som er felt av svovelsyre- 
holdige sglvsulfatoplosninger sitter festet som sulfid pa kiskornenes 
overflate pa samme mate som det av ngitrale oplosninger felte. Man 
kan vanskelig gjore forsok med solvfelling av alkaliske oplosninger, 
fordi selvoksydets oploselighet i vann er for liten; men det ovenfor 
nevnte om at solvsulfid ikke loses i alkali eller alkalisulfidoplosninger 
mere enn i vann ma forhindre at det kan vandre langt, saledes at 
det ma felles ut pa den kis hvorfra svovelet stammer. 

Dog har fra forskjellig hold den tanke veret fremsatt at solv- 
sulfidet skulde kunne foreta en vandring efter sin dannelse, som 
Kolloid. Teorien er tiltalende fordi man derved undgar den store 
vanskelighet som de fleste teorier om solvfellingen stoter pa, nemlig 
at solvet ikke befinner sig i fahlbandene selv, men i gangene, tiltross 
for at det er fahlbandskisen som skulde ha felt sglvet ut. Dette 
skulde den ha gjort, enten fordi den har virket som elektroder, eller 
fordi fahlbandsmagnetkisen skulde ha frembragt magnetiske felter. 

Nu er kolloide solvsulfidoplosninger ikke meget bestandige; men 
nar de forst er dannet har de jo en viss levetid. Er der nu nogen 
chanse for at slike kolloide oplosninger kan dannes under forhold 
som de ma ha veret pa Kongsberg, og vil de under de givne forhold 
ha en sa lang levetid at selvet i denne form kan foreta nogen storre 
vandringer P 

Ved mine forsok med kisers innvirkning pa selvoplosninger har 
jeg aldri kunnet iaktta dannelsen av kolloid solvsulfid. Derimot kunde 
kanskje kolloider dannes ved sammentreff av en solvoplgsning med 
en sulfidholdig oplosning. Betingelsen for at sulfidkolloider skal vere 
Stabile er at der er et visst antall peptiserende ioner, svovelvannstoff 
eller alkalisulfid (smlg. S. W. Young og N. P. Moore (143)). Videre 
er det nodvendig at konsentrasjonen av andre ioner er under en 
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viss ,terskelverdi*. J. D. Clark og P. L. Menaul (28) behandlet en 
lang rekke sulfider i 0,01-normal kalilut som de av og til ledet 
Svovelvannstoff gjennem. Av de fleste sulfider var efter 7 dager 
temmelig store mengder gatt i oplosning, men solvglans (og proustitt) 
var overhodet ikke oplost. Neerver av et stykke kalkspat var til- 
strekkelig til 4 sinke den kolloide oplosning betraktelig, dessuten 
slo det dannede kolloid sig for en stor del ned pa spaten igjen. Nu 
er hovedmineralet pa Kongsberggangene kalkspat, og oplosningene 
har rimeligvis holdt adskillig salter i oplgsning (smlg. side 14). 
Derimot kan den nodvendige mengde peptiserende sulfidioner ha 
veret til stede. Chansen for at kolloider skulde dannes synes derfor 
liten. Heller ikke er det rimelig at de har kunnet holde sig lenge. 
Vel kjenner man meget lite til de kolloide oplosningers stabilitets- 
forhold ved de hgie temperaturer det her dreier sig om. Ved almindelig 
temperatur kan en slik oplosning under gunstige betingelser holde 
sig i arevis. Imidlertid har det vist sig at sely sma mengder antimon 
i oplosning bringer selvsulfid til 4 omkrystallisere (se side 89), og 
det vil jo gjgre et kolloid betydelig ubestandigere — antimon har 
jo, som analysene av solvmineralene viser, veret til stede i de s@lv- 
avsettende oplosninger. 

Et kolloids bestandighet vil ogsa vere avhengig av gangmineralene. 
Det ma felles av ethvert stoff hvis elektrokinetiske potential er det 
motsatte av dets eget. Nu kjenner man ingen lovmessig sammenheng 
mellem stoffenes kjemiske sammensetning og deres elektrokinetiske 
potential; dette gjelder f. eks. for silikater. Derimot er det en kjent 
sak at sulfider lader sig negative, de gar jo ogsa i kolloid oplosning 
alleroftest med negativ ladning (som de far fra det peptiserende 
svovelion). Man matte vente at oplgsninger som var i stand til a 
meddele solvsulfid en ladning sa det kunde holde sig i kolloid op- 
losning ogsd matte gi de andre sulfider samme ladning. Man ma 
derfor kunne anta at et sulfid, som f. eks. kisen i bandene, bare 
skulde ha en ubetydelig fellende virkning pa slvsulfidsoler. Forsok 
som jeg gjorde med tilsetning av kispulvere (av en rekke kiser) til 
kolloide sglvsulfidoplosninger viste da ogsa at det varer mange timer 
til maneder for solen er utflokket. — W. M. Gortikow og N. P. Malinow- 
skaja (45) har vist at de pa uorganisk vei i naturen dannede former 
av kalciumkarbonat har et positivt elektrokinetisk potential (de pa 
biologisk vei dannede er derimot negative). Nu er det overveiende 
sannsynlig at et naturlig solvsulfidkolloid vil vere negativt ladet; 
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kalkspaten i gangene ma da meget raskt felle ut kolloidet og gjore 
dets eksistens (og dermed vandring) til en umulighet. Jeg har gjort 
mange forsok til dette, idet jeg har rystet solvsulfidsoler med grove 
pulvere av kalkspater fra de forskjelligste steder i Kongsberefeltet. 
Kolloidet feltes alltid meget raskt, i lopet av minutter eller sekunder, 
mens som nevnt de sulfidiske mineraler trenger timer eller maneder 
for 4 gi samme effekt. 

Man har ogsa tenkt sig at da magnetkis er den viktigste bandkis, 
skulde magnetiske felter ha felt kolloidet. Jeg har opbevart forskjellige 
salvsulfidsoler i et magnetfelt pa 11000 gauss i en halv time uten 
at der skjedde nogen synlig forandring. 

Av dette fremgar at pa Kongsberg vil solvsulfidsoler bare meget 
vanskelig kunne dannes og ikke eksistere, mens bandene ikke kan 
felle dem ut. De har derfor neppe spillet nogen rolle. 


Konklusjon. 


Konklusjonen av alle de nevnte forsok ma bli at det er lite 
sannsynlig at solvet pa Kongsberg er felt ved kjemisk reaksjon med 
bandkisene. 

Selvet sitter nemlig ikke pa bandkisen, men i de apne ganger 
og til dels i drummer i sidestenen, uten at solvet i disse drummer 
kan sees 4 vere knyttet til kisen. Nar man har villet hevde at 
oplosningene har ekstrahert svovel av sidestenen, kan man innvende 
at solvoplesningene ikke kan lose noget svovel for alt solv i dem 
er felt ut; og vel heller ikke da for ogsa oplosningens innhold 
av andre metaller (som kobber eller kvikksglv?) er fjernet; dette 
vil vel si at sidestenen ogsa ma holde disse metaller anriket, hvilket 
er ganske ukjent. Teorien synes ogsa 4 forutsette at solvoplosningene 
ikke har holdt noget svovel pa forhand. Sa vidt jeg kan forsta er 
dette en ikke helt sikker antakelse. Solvionkonsentrasjonen kan ha 
veret meget liten. Dessuten ma man huske pa at det er bare en 
meget liten del av oplosningene som kan vere blitt presset gjennem 
sidestenen, den allerstorste del ma ha passert gjennem de Apne 
gangspalter hvor motstanden mot deres bevegelse har veeret over- 
ordentlig meget mindre. Denne del er overhodet ikke kommet i 
bergring med sidestenen. 

Pa de fleste av selvgangene er det mot sidestenen et tykt belegg 
av kvarts. Dette kan muligens ha beskyttet sidestenen ganske effektivt 
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mot utlutning ved de yngre solvavsettende oplosninger; og dessuten 
ma de (alkaliske) oplosninger som har avsatt kvartsen ha utlutet de 
lettere oploselige bestanddeler i sidestenen ganske anderledes effektivt 
enn de senere sglvavsettende oplosninger — s&afremt en sAadan ut- 
lutning overhodet er mulig. Leilighetsvis kan man se omtalt at side- 
Stenen er sekundzromvandlet. Saledes nevner A. Helland (56) at 
han i hornblendeskifre fra Kongens grube og Gottes Hiilfe har funnet 
at magnetkiskornene er omgitt av en glanslos hinne som skyldes 
dekomposisjon. C. A. Miinster (82) sier at gabbroen og de morke 
hornblendeband mangesteds viser sig avbleket i nerheten av en gang 
og dens ramifikasjoner; og C. Bugge (24) sier at oplosningene av 
annen generasjon ofte har hatt en sterk omvandlende virkning pa 
sidestenen hos hovedgangene og bergartsbruddstykker i gangene. — 
I de fleste tilfelle kan man imidlertid ikke se at sidestenen er om- 
vandlet pa nogensomhelst mate. Det er heller ikke ngdvendig at 
en omvandling av sidestenen har noget 4 gjore med selve sglv- 
avsetningen; og den av Helland funne matte sone om magnetkis- 
kornene kan vere av betydelig storre alder enn sglvfellingen idet 
den kan vere dannet umiddelbart efter kisens avsetning. 

Forsgkene viser at magnetitt og ilmenitt feller solv noksa raskt. 
Man kan ikke se at de har gjort det i naturen, hverken i band- 
sonene eller utenfor. Dette kan tyde pa at disse mineraler ikke er 
kommet i bergring med sglvoplosningene, men da kan heller ikke 
kisene ha gjort det. 

De kiser som finnes pa gangene selv, og som er eldre eller 
samtidige med sglvet, skulde vere serlig utsatt for 4 bli fortrengt 
av dette. Dette er imidlertid bare skjedd i liten grad; det er derfor 
ikke noget rart i at bandkisene, som jo er betydelig vanskeligere til- 
gjengelig for oplosningene, ikke har reagert. At solvoplosninger ikke 
behover 4 reagere med kiser, selv om de tilsynelatende har god 
anledning til det, fremgar av en undersokelse av E. S. Bastin (4) av 
solvmalm fra South Lorraine og Cobalt, Ontario; hvor han viser, 
iallfall for en av forekomstene (Frontier Mine) at solvet er primeert, 
der er intet sprang mellem avsetningen av de eldre kobolt—nikkel- 
arsenider og det yngre solv, og arsenidene er aldri fortrengt av 
solvet og kan overhodet ikke ha veret virksomme ved solvets av- 
setning (saledes viser saffloritt og koboltglans sine krystallflater mot det 
metalliske solv). Og dette altsa til tross for den betydelige solvfellende 
evne disse mineraler har. — Pa Kongsberg kan man se at sglv- 
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oplosningene, istedetfor 4 fortrenge kiser, tvert imot selv har av- 
satt sadanne. 

Det er naturligvis ikke min mening at de solvavsettende op- 
losninger overhodet ikke er kommet i bergring med _ sidestenen. 
Drummer er hyppige, og ved lett opsprekkelige bergarter kan side- 
stenen i en avstand av flere desimeter fra hovedgangen vere isprengt 
solv i form av tynne skjell (82). Men ogsa her er det meste, eller 
adskillig, av solvet pa den egentlige solvgang. Selv om sidestenen 
ikke er serlig opsprukket, vil oplosningen kunne gjennemtrenge den 
ved diffusjon. A. R. Whitman (142) har vist at diffusjonshastigheten 
i marmor gjennemtrengt med vann er omtrent sa stor som diffusjons- 
hastigheten i rent vann. Derfor vil nok selv i tett sidesten den op- 
rinnelige bergfuktighet langsomt fortrenges av de nye oplgsninger; 
men sasnart oplgsningene i sidestenen slik har fatt samme sammen- 
setning som den i gangene vil en ytterligere stofftilforsel pa denne 
mate vere en langsom prosess, serlig nar gangoplosningene selv er 
tynne med hensyn pa det stoff som skal tilfores (solv). 


2. Selvfelling ved elektrolyse. 


Det er meget vanskelig 4 svare pa sporsmalet om _ hvorvidt 
elektrolytiske fenomener har spillet nogen rolle ved solvets felling pa 
Kongsberg. Jeg skal her bare kort antyde nogen av de problemer som 
reiser sig, ogi tilknytning til dette omtale nogen forsok jeg har gjort. 

Den forste som utkastet tanken om en elektrolytisk utfelling av 
solvet pa Kongsberg var visstnok Durocher (i 1849). Den er senere 
nermere utformet av C. A. Miinster (82) og av L. Tronstad (127) og 
av L. Tronstad sammen med T. Heverstad (128). 

Minster papeker muligheten av en hel rekke forskjellige elektro- 
lytiske prosesser: solvfelling under samtidig oksydasjon av kisen, 
konsentrasjonskjeder, termoelektriske strammer, ,sgiler“ dannet av 
to forskjellige kiser, sekundzrstrommer fremkommet ved polarisasjon, 
kapillarelektriske virkninger, og han mener at som en sum av alle 
(eller nogen) av disse effekter skulde der vere dannet nogen fa 
mektige resultantstrommer som skulde gjennemsette feltet folgende 
minste motstand. Han viser ved forsgok at fahlbandstykker i soly- 
oplgsninger virkelig feller metallisk solv. 

Tronstad (dels sammen med Hoverstad) omtaler serlig de sakalte 
lokalelementer, kapillarelektrisk felling og Becquerelfenomenet, og 
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viser eksperimentelt at alle disse prosesser kan levere metallisk solv; 
for det siste fenomen viser han ogsa teoretisk at det kan skje. 

Man kan innvende forskjellig mot disse teoriers evne til 4 for- 
Klare fellingen av det metalliske solv pA Kongsberg. Miinster selv 
trodde ikke at konsentrasjonskjeder eller termoelektriske elementer 
skulde kunne felle solv. — Ved felling direkte pa kiser, ved sgiler 
av to kiser, sekundzerstrgmmer, lokalelementer, eller Becquerel- 
fenomenet ma man i alle tilfelle anta at solvet blir sittende direkte 
pa den fellende kis. Solvet sitter pa Kongsberg jo nettop ikke pa 
selve kisen. Kapillarelektrisk felling kan bare forklare dannelsen av 
de tynne solvskjell som sitter inne i glimmer eller pA lignende steder 
i bandene, og ikke dannelsen av det som sitter som store krystaller 
i de centimeterbrede solvganger. Forutsetningen for at fenomenet kan 
optre er at mineralene virkelig lader sig negative i en salvoplosning; 
det er ganske ukjent hvorvidt de gjor det. Tronstads forsok viser at 
prosessen er meget langsommere enn mange av de andre som jeg 
har omtalt. Endelig er det vanskelig 4 forsté hvordan dette fenomen, 
som er knyttet til en godt isolerende fast fase, skal kunne forklare 
s@lvets tilknytning til de godt ledende kisstriper. 

Mot felling ved Becquerelfenomenet kan innvendes at det er 
meget mulig at solvionkonsentrasjonen i oplosningene har veret sa 
lav at de konsentrasjonskjeder fenomenet bygger pa ikke har kunnet 
opna den ngdvendige elektromotoriske kraft. For det forste kan sglvet 
ha veret sterkt bundet som komplekse klorider, og for det annet 
kan oplgsningene selv ha holdt svovelioner (det er jo sulfider avsatt 
pa gangene), og da kan Becquerelfenomenet neppe optre. Tronstad 
er ikke opmerksom pa at nogen av de kiser han har brukt til sine 
forsok md felle solv metallisk pa grunn av sin kjemiske sammen- 
setning. 

Miinster tenkte sig, som nevnt, at som en sum ay alle de sma- 
stroammer som kan optre skulde der fremkomme nogen fa mektige 
resultantstrammer som skulde folge de ledende bandsoner og sette 
tvers over gangspaltene pa passende steder. En konsekvens av dette 
skulde bli at solvet matte sitte ensidig i gangspalten, pa katodesiden, 
og han hevder at dette stemmer med erfaringen. — Savidt jeg har 
kunnet bringe pa det rene er dette iallfall ikke det almindelige, 
gangene har aller oftest en meget symmetrisk sonaropbygning. 

Det er iallfall fire forskjellige faktorer som ma tas i betraktning 
ved denne elektrolytiske solvfelling ved jordstrammer. Det er energi- 
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kilden, ledningsbanene, den polarisasjon som ma overvinnes for at 
strommen kan ga fra bergartene (bandenes kisstriper) ut i oplos- 
ningene eller omvendt, og endelig den plasering solvet ma fa i for- 
hold til ledningsbanene. 

For utredningen av de energikilder (elektromotoriske krefter) 
som kan optre i bergarter kan jeg henvise til f. eks. R. Ambronns 
bok (1). 

Den elektrolytiske teori bygger egentlig pa den antakelse at fahl- 
bandssonene pa grunn av sitt kisinnhold har hatt en sa meget bedre 
elektrisk ledningsevne enn de kisfri band. Dette bekreftes av M. Morten- 
sons (79) malinger i grubene (sadanne malinger blev visstnok egentlig 
forst utfert av C. Birkeland (18)) og forklares ved A. Bugges iakt- 
takelse at de ,virksomme band“ holder kis i meget lange, sammen- 
hengende striper. Tallverdier for de almindelige bergarters og kisers 
elektriske ledningsevne finnes i f. eks. R. Ambronns bok (1) og i 
Handbuch der Experimentalphysik (53). Denne pafallende forskjell 
i de forskjellige bands ledningsevne ma ha veeret mindre fremtre- 
dende dengang sglvavsetningen fant sted, fordi saliniteten i berg- 
fuktigheten ma ha veret betydelig storre dengang enn nu. Malinger 
av f. eks. H. Reich (98) har vist at bergartenes ledningsevne i hoi 
grad er avhengig av bergfuktigheten, likesom silikaters ledningsevne 
i sin almindelighet er i hgieste grad avhengig av deres vanninnhold; 
og ifelge K. Sundberg (122) er bergartenes ledningsevne bestemt av 
deres porevolum og av ledningsevnen av vannet i porene. 

Kiser polariseres meget sterkt (R.C. Wells (140)), hvilket ma 
by stremgjennemgangen patvers av de veeskefylte spalter stor mot- 
stand. I hvert fall ved de kortere spalter som optrer mot dypet 
matte man tro at strommen heller vilde folge de meget godt ledende 
kisstriper rundt spalten. 

Kryssregelen sier at solvet finnes pa gangenes skjzringspunkter 
med fahlbandene, dog saledes at solv kan finnes i nogen avstand 
(nogen meter) fra bandet. Jeg kjenner ingen nzrmere undersokelse 
av solvets fordeling pa gangene i forhold til de ledende kisstriper; 
forholdene her turde vere av stor interesse for den elektrolytiske 
fellingsteori for forekomsten. 

Nar to elektrisk ledende kiser bergrer hinannen i en ledende 
oplosning opstar et kortsluttet galvanisk element. Det synes 4 vere 
meget vanskelig a fastsla hvilke potentialforskjeller to kiser vilde 
vise slik i rent vann, fordi kisene, som G. Tamman (123) har vist 
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hardnakket adsorberer fremmede ioner. R. C. Wells (140) har vist 
at de malte potentialer langt mere avhenger av oplosningens sammen- 
setning — dens oksydasjonsgrad eller surhetsgrad — enn av kisens 
art. — Slike potentialforskjeller ytrer sig ved at den ene kis oploses 
raskere av et passende agens enn den gjor nar den under samme 
betingelser alene behandles med den samme oplosning, mens den 
annen kis beskyttes mot angrep. En slik effekt er for eksempel vist 
av V. H. Gottschalk og H. A. Buehler (46) ved kisers oksydasjon, 
og av G. Shouten (108) ved felling av tunge metaller av oplosning 
ved kiser. 

Hvis oplasningen er en solvoplosning, kan det hele resultere i 
at der ved elektrolyse dannes vesentlig metallisk solv istedetfor solv- 
sulfid. Jeg gjorde et forsok som viste at sgolvfelling ved kiser sa- 
ledes kan modifiseres betydelig: hardt sammenpresset pulver av en 
blanding av den duktile covellin med magnetkis begynte i en sglv- 
sulfatoplasning allerede ved almindelig temperatur i lopet av fa timer 
a danne store solvkrystaller, og kort ophetning til 130° gav prakt- 
fulle, flere millimeter lange krystaller. Bade kobber og jern var gatt 
i oplgsning. 

En solvfelling ved slike kortsluttede kiselementer kan neppe ha 
spillet nogen rolle pa Kongsberg. For det forste matte solvet i til- 
felle ha sittet pa kisen, og for det annet er det bare den kis som 
vender direkte mot oplosningen som kan virke slik, og da blir kis- 
mengden i bandene for liten til 4 kunne forklare fellingen av noget 
storre av solvet, og endelig er der ikke overalt i bandene en blan- 
ding av flere kiser. 

Jeg har allikevel gjort nogen forsok med solvfelling ved en blan- 
ding av to kiser, fordi jeg hapet derved 4 fa et mal for virkningen 
av de potentialer to kiser viser mot hverandre i solvoplosninger ved 
130° nar de har det overtrekk av solvsulfid som de allikevel ikke 
kan undga 4a fa. 

“ Opheter man et mineral (med en viss overflate) i en solvoplos- 
ning, vil en viss solvmengde felles. Den halve mineralmengde (med 
den halve overflate) vil, som tabell 3, (side 22) viser, under ellers 
like betingelser felle den halve solvmengde. Bruker man den halve 
vektsmengde av hvert av to mineraler i mekanisk blanding skulde 
man vente at den derved felte solvmengde skulde vere det aritme- 
tiske middel av de solvmengder som den hele vektsmengde av de 
to mineraler feller hver for sig, under den forutsetning at ingen 


58 EINAR JENSEN 


potentialforskjeller griper forstyrrende inn. En potentialforskjell vil 
beskytte den ene kis, og lette angrepet av den annen, men sann- 
synligvis vil disse to effekter i motsatt retning ikke vere like store, 
saledes at den felte solvmengde vil avvike fra det nevnte aritmetiske 
middel. 

I alle forsok er anvendt kiser av kornsterrelsen 40—80 mesh, 
og 50 ml av den samme solvsulfatoplosning av normaliteten 0,04618, 
i de tidligere beskrevne ror. Alle ror er ophetet i 6 timer til 130°. 
I de fem forste forsok (tabell 22) er der anvendt 1,000 g av hver kis. 
I de neste ti ror (tabell 23) var der 0,500 g av hver av to kiser i 
alle dé mulige kombinasjoner. [ tabellen er i forste kolonne angitt 
de to anvendte kiser, i neste kolonne under A de av denne blan- 
ding felte solvmengder (i %o av den tilstedeverende), i tredje kolonne 
under B det av tabell 22 beregnede aritmetiske middel av de to 
kisers sglvfellende evne, og under C i fjerde kolonne forholdet 
mellem B og A. Hvis C er storre enn 1, har de to kiser felt mindre 
enn beregnet, er det mindre har de felt mere. 


Tabell 22. 


Mineral 


Maemetkise tener merc 20,6 
SVOVel kiciros eerie eee 8,5 
IO ODERKIS wer ncteperon a erean: 25,2 
Sinkblendesnreo' asneee ee 4,6 
Blyglansinralceeaner eee 8,5 


Tabell 23. 


Mineraler 


Magnetkis og svovelkis... 0,75 
Magnetkis og kobberglans. 0,52 
Magnetkis og sinkblende.. 0,66 
Magnetkis og blyglans.... 0°62 
Svovelkis og kobberkis... 0,97 
Svovelkis og sinkblende .. ANS) 
Svovelkis og blyglans .... 0.99 
Kobberkis og sinkblende . 0,87 
Kobberkis og blyglans.... 0,85 


Sinkblende og blyglans... 
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Nar man ser bort fra de blandinger som inneholder magnetkis 
(som nevnt side 37 faller av en eller annen grunn resultatene for 


dette mineral merkelig ujevnt ut), avviker forholdet a i siste kolonne 


sa lite fra 1 at jeg derav ikke tor trekke nogen slutninger om de 
virkninger potentialene har. Effektene er betydningslose. Alltid hadde, 
som den mikroskopiske undersokelse viste, begge kiser felt solv som 
sulfid eller metall, og produktene adskilte sig ikke pa nogen mate 
fra dem som de rene kiser gir. I disse forsok er kisene bare i 
loselig bergring med hverandre, men kontakten mellem dem er dog 
ikke sa darlig, fordi det dannede sulfidbelegg kleber kornene delvis 
sammen. Betydelig storre effekter, men til gjengjeld ikke sammen- 
lignbare eller reproduserbare, kan man fa ved 4 presse sammen to 
kiser, hvorav den ene er duktil, slik som det i nevnte forsok med 
covellin og magnetkis, hvor s@lv tydelig elektrolyseres ut. 

Som konklusjon av dette avsnitt kan jeg trekke: en forklaring 
av solvfellingen pa Kongsberg som skal bygge pa de foreliggende 
mineralers og bergarters elektriske egenskaper synes 4 matte stote 
pa betydelige vanskeligheter. Det dreier sig her om ualmindelig 
kompliserte fenomener, og der skal sikkert et meget betydelig arbeide 
til for man sikkert kan avgjore om prosesser av denne art har spillet 
en rolle eller ikke. For gieblikket ser det ikke rimelig ut at de skulde 


ha gjort det. 


3. Selvfelling ved blanding av selvoplgsningen 
med en annen oplgsning. 


Man kan bare i meget liten utstrekning ha nogen begrunnet 
mening om i hvilken grad solvoplosningene kan ha blandet sig med 
andre oplgsninger. Det er en selvfolge at en solvfelling derved kan 
komme i stand, idet disse andre oplosninger kan ha holdt oplost 
sulfider eller reduksjonsmidler av mange slags. Det er en meget 
rimelig forklaring pA solvets meget uregelmessige forekomst pa 
gangene; men det kan vere vanskelig 4 forstaé hvordan en sadan 
blanding skal kunne foreg4 over et omrade pa flere hundrede kvadrat- 
kilometer, og hvorfor den har bevirket en solvfelling bare i eller i 
umiddelbar nerhet av gangspaltenes krysspunkter med kisholdige 
band. — Et av de reduksjonsmidler man har tenkt sig kunde vere 
tilfert ved tilsig til salvoplosningene, er organiske stoffer. 
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Stadig nevnes det som et viktig trekk at der pa solvgangene 
finnes bitumingse stoffer. 

Disse er undersokt av A. Helland (55), som gjorde en analyse 
av den sakalte anthracitt, som finnes i store stykker pa gangene. 
Han fant at sammensetningen svarer til en typisk anthracitt; spesi- 
fikk vekt 1,380; spor av kvelstoff lot sig pavise ved Lassaignes 
metode. Videre: 


Fy Beregnet som 
askefri, %o 


Jeg har gjort kvalitativ analyse av asken av et stykke. Asken 
utgjorde 0,90 %, og bestod vesentlig av kalciumkarbonat med litt 
kvarts; dessuten var der ganske lite solv. Ellers kjenner jeg ingen 
undersokelser av disse stoffer fra Kongsberg. 

Det har veeret pastatt at stanken av sadanne bitumingse stoffer 
skal skyldes svovelvannstoff. Hellands analyser viser intet svovel; 
og ved a lose inntil 10g kraftig stinkende, mork kalkspat i saltsyre 
eller eddiksyre er det ikke lykkedes mig 4 pavise det minste svovel- 
vannstoff i den undvikende kullsyre ved blyacetat pa papir eller i 
oplgsning. 

Det er ikke lett 4 forsta hvilken rolle disse stoffer har spillet 
for solvavsetningen — hvis da deres forekomst overhodet er mere 
enn tilfeldig. J. H. L. Vogt (133) mener at de kan ha beskyttet mot 
oksydasjon og kanskje ogsa leilighetsvis ha utfelt solv direkte. — 
Det er jo en gammel iakttakelse at solvoplosninger reduseres av 
bitumen; saledes finnes metallisk solv pa lagflatene i Mansfelder- 
kobberskiferen, eller man kan finne metallisk kobber pa ratnende 
grubetre. Under tiden finnes metallisk solv pa spalter i anthracitten 
fra Kongsberg. — Jeg gjorde disse forsok: 

1,00 g pulverisert anthracitt fra Kongsberg blev i lukket ror 
ophetet i 7 timer til ca. 138° med 50 ml solvsulfatoplosning av 
normaliteten 0,04180. Derved feltes ut 11,9 % (26,9 mg); hvorav 
iallfall en del som krystaller av metallisk solv. 


Av et stykke sterkt bitumings kalkspat (illeluktende) fra Gottes 
Hilfe grube fikk jeg ved saltsyre isolert en del bitumen som et svart 
pulver (0,3 g av 34g). 64,9 mg herav blev ophetet i et fullstendig 
evakuert rer med 40 ml solvsulfatoplosning (normalitet 0,04706) til 
ca. 134° i ca. 46 timer. Da var av de 203,0 mg s@lv felt de 32,3 
(svarende til 15,9%). Der var dannet en masse solvflitter i veesken. 
Den sglvfellende evne er altsa meget stor. 

C. A. Miinster (82) synes 4 ha ment at bitumenet kan ha felt 
sglv pa grunn av sitt svovelinnhold. Dette kan ikke ha veeret til- 
felle, da det ikke inneholder svovel. Heller ikke kan dets funksjon, 
som av Vogt antatt, ha veret 4 beskytte mot oksydasjon, idet der 
ikke er noget som tyder pa at en sadan har veret virksom; hele 
miljget er reduserende, og en oksydasjon ved luftsurstoffet (i grunn- 
vannet oplgst surstoff eller ved dette oksydert jern) er utelukket, da 
overordentlig tallrike studier har vist at en sadan oksydasjon bare 
er virksom over grunnvannspeilet. 

Noget som kan tyde pa at bitumen har veret virksomt, er at 
dets natur forandres eftersom gangen er selvforende eller ikke. Dette 
kan dog ogsa tydes omvendt, nemlig at det er sglvet som katalytisk 
har omvandlet de organiske stoffer. 

Det er, som nevnt, ikke lett 4 vite hvilken betydning for selv- 
forekomstens dannelse man skal tillegge disse stoffene, fordi man 
faktisk ikke vet nogen ting om hvorfra de skriver sig. De kan vere 
kommet sigende ovenfra, fra skifrene som kanskje dekket feltet, men 
det kan ogs&4 hende at de er av magmatisk oprinnelse og er tilfort 
av selve de sglvforende oplasninger. Det kan i siste fall synes merkelig 
at de har ventet med 4 felle solv til oplosningene akkurat har passert 
bandene, og dette kan tas som et tegn pa at de ikke har veret sa 
sterke solvfellere allikevel dengang da gangene blev fylt. For alt det 
vi vet kan jo deres konstitusjon ha forandret sig adskillig siden den- 
gang. De er tilfort i vandig oplosning, men er nu fullstendig uoplose- 
lige 1 vann. 

Bitumenet kan ogsa ha veret virksomt pa en annen mate, idet 
det er en mulighet for at det kan ha redusert oplosningens innhold 
av sulfation til sulfidion. Det er klart at solv derved ma kunne felles 
som sulfid. Nu er det en gammel, kjent sak at bitumenet i bitumingse 
anhydritter reduserer denne til kalciumsulfid, og at jernsulfatoplos- 
ninger i sterkt bitumingse skifre (alunskifer) av samme grunn leverer 
svovelkis; men det er meget omstridt om denne reaksjon er i stand til 
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4 ga uten bakteriers hjelp. Reduksjon av sulfater i sjovann i avstengte 
havbukter skjer visstnok ved anaerobe bakteriers hjelp. Noget lig- 
nende er funnet for oljeleienes saltvann; saledes fant E. S. Bastin og 
F. E. Greer (5) at bakterier bare finnes i det svovelvannstoff holdige 
saltvann. Der er ogsa gjort en del forsok, til dels med motstridende 
resultater: C. E. Siebenthal (109) nevner negative forsok av en rekke 
forskere; f. eks. at ferrosulfat ikke reduseres til disulfidet ved orga- 
nisk stoff, eller at en blanding av kobbersulfat, ferrosulfat, svovel- 
dioksyd og pulverisert kul i lopet av 122 dager ikke hadde dannet 
noget kobbersulfid. G. A. Thiel (126) fant at ved en innvirkning av 
bitumingse bergarter pa oplosninger av ferrosulfat og sinksulfat er 
reduksjonen til sulfid merkbart langsommere i sterilt medium enn 
ved neerver av bakterier, men der var dog en viss merkbar reduk- 
sjon som var seerlig sterk ved neerver av kulsur Kalk. 

Jeg gjorde dette forsok: 64,5 mg av det samme bitumen som 
blev brukt til forsoket pa side 61 blev ophetet i 40 ml _halv- 
molar kaliumsulfatoplosning i et ombhyggelig evakuert skyteror i 
ca. 46 timer til ca. 134°. Det blev derved ikke dannet paviselige 
mengder sulfid. 


4. Selvfelling av en oplesning som ikke reagerer 
med noget annet. 


Hvorvidt solvglansen er felt direkte ved utkrystallisasjon av 
vandige oplosninger kan det veere vanskelig 4 ha nogen begrunnet 
mening om. Vel er den uhyre tungt oploselig i vann, og f. eks. Vogts 
forklaring pa kryssregelen gar ut pa at solvglansen er felt ved til- 
forsel av svovelioner til solvoplosningene. Nu kan det godt vere 
at solvsulfidets oploselighet ved 100—200° er betydelig storre i 
natriumkloridoplosninger (eller oplosninger av andre klorider, ved 
kompleksdannelse) enn det er ved almindelig temperatur i rent vann. 
Man vet heller intet om solvkonsentrasjonen i oplosningen, eller om 
den tid gangenes fylling har tatt. I det foregdende har jeg omtalt 
enkelte omstendigheter som synes 4 gjore det litet rimelig at solv- 
glansens felling skyldes svoveliontilfgrsel til oplgsningene. En av- 
kjoling av en oplosning som holder sglvioner og svovelioner, er 
Kanskje den enkleste forklaring pa solvglansavsetningen. 

Hvis solv skal felles ut av solvionholdige oplosninger som 
metallisk solv uten at oplosningen skal reagere med noget annet, 
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kan dette bare skje ved at noget annet i oplosningen samtidig overtar 
solvionets positive ladning og derved oksyderes op. Dette noget annet 
kan bare vere et annet element som samtidig ma vere til stede i 
oplosningen; og der vil da i oplosningen innstille sig en ionelike- 
vekt av typen: 

nAg* + Me™+ 2 nAg+ Me(™+n)+ 


Ved en forandring av en av likevektsfaktorene vil en sadan likevekt 
kunne forskyves mot hgire, med den folge at metallisk solv krystal- 
liserer ut, raskt eller langsomt eftersom hvor raskt likevektsfaktoren 
underkastes forandring, De eneste likevektsfaktorer det her kan 
vere tale om er oplgsningenes temperatur, og deres sammensetning 
(ganske seerlig deres surhetsgrad). Trykket er her vel ikke sa stort 
at forandringer i det vil ha serlig innflytelse pa en vandig oplgs- 
ning; iallfall vil foalgen av en trykkforandring vere mindre enn folgen 
av selv en liten temperaturforandring. 

Annet enn sadanne likevekter kan neppe fa sglvet til 4 krystal- 
lisere jevnt ut. Reduksjonsmidler som for eksempel de organiske 
stoffer vil vel felle solvet ut straks de kom i oplosningen, og ikke 
vente til denne pa sin vei var blitt koldere. 

De metaller som efter det tidligere nevnte om opl@sningenes 
sammensetning kan ha veret til stede sammen med s@lvet, og som 
kan optre i mere enn ett oksydasjonstrinn, er kvikksglv, kobber, 
jern, arsen, antimon, kobolt, nikkel, mangan og bly. Innstiller det 
sig nu nogen sadan likevekt mellem disse metaller og solv? M.a.o., 
kan disse metaller i en lavere valens redusere ut solv av en sglv- 
oplgsning, og kan deres oplosning i en hoiere valens omvendt oksy- 
dere solv (reduseres av solv)? 

Kvikksoly. Det er ikke mulig 4 bringe pa det rene om ioner 
av enverdig kvikksglv er i stand til 4 redusere ut solv, fordi det 
ikke er mulig 4 holde de to elementer i oplosning sammen ved 
nogenlunde ngitral reaksjon i sapass hgie konsentrasjoner at kvan- 
titative forsok kan anstilles. Av sterkt sure oplosninger vil solv ikke 
reduseres ut. — Ophetes en sglvtrad i en sublimatoplosning vil 
traden amalgameres kraftig, og der dannes store mengder solvklorid, 
og merkuroklorid. Likesé leverer kvikksolvsulfatoplosning (sur) ved 
koking med sglvpulver en oplosning med rikelige mengder solv- 
sulfat og merkurosulfat. Omvendt optar metallisk kvikksolv adskillig 
solv av en solvoplosning. Men i betraktning av den letthet hvormed 
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solv optar kvikksolv, og av at kvikksolvmengden allikevel trer sterkt 

tilbake for solvmengden pa Kongsberg, ma man anta at sglvet ikke 

i storre mengde er felt ved reaksjon med kvikksglvoplosninger. 
Kobber. Likevekten: 


Cut++Ag 2 Cut+ Ag+ 


er pavist allerede av H.N. Stokes (115) som fant at han derved 
kunde omkrystallisere solv ved hjelp av en vandig oplosning av 
kobbersulfat ved hgiere temperatur. G. Edgar og L.S. Cannon (34) 
undersokte likevekten CuCl+AgCl@ Cu+*++2Cl~+Ag hvor altsa 
solvklorid og kuproklorid foreligger som bunnfall. 

Jeg har gjort kvalitative forsok som viser at solv loses merkbart 
av en svakt sur kobbersulfatoplosning, mindre av en noitral. Like- 
vekten er meget avhengig av temperaturen, og ogsa av oplosningens 
surhetsgrad. Ved avkjoling av en kobbersulfatoplosning, mettet med 
solv, faller atter litt solv ut som meget sma krystaller. En kobber- 
sulfatoplosning (litt sur) som er mettet med metallisk kobber feller 
av en sglvsulfatoplosning gieblikkelig metallisk selv, fordi dens inn- 
hold av kuproioner da er storre enn ovennevnte likevekt tillater. 
I ngitral oplosning er likevekten forskjovet meget langt mot venstre. 
Ved neerveer av kalkspat kan en kobbersaltoplosning derfor bare 
lgse (og omvendt bare utskille) meget sma solvmengder; den kupro- 
ionmengde som da skal til for at oplosningen skal vere i likevekt 
med metallisk solv er meget liten. Solvklorid og kuproklorid, begge 
lost i ngitral natriumkloridoplosning, reagerer ikke med hverandre 
(smlg. s. 9). 

Jern. Likevekten 


Fet+++ + Ag 7” Fet++Agt 


har veret kjent lenge og er oftere undersokt. Jeg kan nevne 
H. N. Stokes (115), A. A. Noyes og B.F. Braun (87), H.C. Cooke (31) 
og N. A. Tanaeff (125). Resultatene er: solv loses ved opvarming og 
felles ved avkjoling. Likevekten forskyves i retning av at solv oploses 
nar oplgsningens konsentrasjon av fri svovelsyre okes. Av ngitral 
solvoplosning, fri for ferrijern, vil selv sa lite som en del ferrosulfat 
pa 10° deler oplosning bevirke felling av metallisk solv. Det ferri- 
hydroksyd som felles av ferrisaltoplosninger ved opvarming pa 
grunn av hydrolyse virker ikke pA metallisk solv. Alle disse like- 
vekter innstilles raskt, og de solvmengder som en ferrisaltoplosning 
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slik kan lose, er betydelige, hvorfor det er almindelig antatt at denne 
reaksjon spiller stor rolle ved sekunder oplosning og anrikning av 
solv. Pa Kongsberg kan oplosningens innhold av ferrijern, pa grunn 
av kalkspaten, bare ha veret lite. Oplosningen kan derfor heller 
ikke ha holdt meget ferrojern, da salv ellers straks vilde reduseres ut. 
Det kan stemme med at kalkspaten er sA jernfattig. Treverdig jern 
kan videre ha veret komplekst bundet som fluorid. 

Arsen. | ngitrale eller nzsten ngitrale oplosninger er det ikke 
mulig 4 studere nogen likevekt mellem arsen og solv, da felling av 
sélvarsenat ikke er til 4 undga. Jeg har imidlertid forsokt 4 sla fast 
hvorvidt arsenikk kan redusere solvoplosninger, eller arsenatoplos- 
ninger oksydere metallisk solv: 

Ved opheting av ett gram arsenikk i en 0,04180-normal salv- 
oplosning i 8,5 timer til ca. 140° feltes 48,6 % av sglvet, derav en 
stor del som lange tynne sglvnaler, en del ogsaé som sgelvspeil. 

Reduksjon av arsenatoplosninger ved metallisk sglv er, hvis den 
gar, en meget langsom reaksjon: ved 4 ophete en solvspiral i 50 ml 
ngitral natriumarsenatoplosning i 20 timer til 130° fikk jeg i ett 
tilfelle ingen reduksjon, i et annet tilfelle var oplosningen bilitt 
0,00004-normal pa treverdig arsen (arsenatoplosningen var 0,04-molar), 

Antimon. Heller ikke likevekten antimon-sglv lar sig undersoke 
i vandig oplgsning, av samme grunn som nevnt under arsen. Forsok 
viste at antimontrioksyd reduserer sglvoplosning, om enn langsomt 
(se side 91). I alkalisk oplosning av natriumantimonitt frembringer 
solvnitrat et svart bunnfall av metallisk solv. Lignende de under 
arsen nevnte forsok pa a redusere dikaliumdihydropyroantimonat 
ved metallisk solv forte ikke til noget. 

Mangan. Setter man til en oplosning av mangansulfat med sglv- 
sulfat et alkali, fremkommer et meget fint fordelt, fullstendig svart 
bunnfall. Jeg viste ved analyser at dette bunnfall inneholder mangan- 
dioksyd og solv i ngiaktig de mengder som kreves av ligningen: 


Mnt+++2 Ag+ +4 OH-=Mn0O,. H,O+2Ag+H,0. 


Selv spor av alkali frembringer dette bunnfall. Ved syretilsetning 
oploses det atter. Det samme bunnfall med samme sammensetning 
dannes selv om oplgsningen holder et stort overskudd av natrium- 
fluorid. Kalciumkarbonat i solvsulfat eller mangansulfat frembringer 
bare bunnfall av disse metallers karbonater, men i en blandet oplos- 


ning av de to metallers salter frembringes straks det samme svarte 


Norsk geol. tidsskr. 19 s) 


bunnfall. Da all kalkspat fra Kongsberg inneholder manganokarbonat, 
frembringer den i en solvsulfatoplosning derfor et svart bunnfall som 
holder metallisk solv. En oplosning som holder s@lvsulfat og mangan- 
sulfat utskiller efter nogen timer litt av det samme bunnfall, raskere 
ved koking. Tilsetning av en oplosning av kalciumbikarbonat til en 
slik oplosning frembringer ikke noget bunnfall. — H. Leitmeier og 
F. Feigl (72) anvendte reaksjonen til 4 skille mellem aragonitt og calcitt. 

Kobolt (men ikke nikkel) gir lignende bunnfall med sglvoplos- 
ning og alkali som mangan gjor; ogsa dette bunnfall oploses av syrer. 
Kalciumkarbonat frembringer ikke dette bunnfall i oplosninger som 
samtidig holder solv og kobolt. 

Jeg har ikke kunnet pavise nogen lignende reaksjon for bly. 
Ved tilsetning av et alkali til en oplosning av s@lvnitrat plus bly- 
nitrat dannes bare et tungt gult bunnfall, som vel er et solvplumbit. 

Jeg har ikke eksperimentelt kunnet vise temperaturavhengigheten 
av reaksjonen mellem s@lvioner og manganioner, resp. koboltioner. 

Disse ionelikevekter fortjener i hgi grad 4 undersokes ordentlig; 
blandt annet ma man bringe pa det rene hvorledes det hele arter 
sig ved neerver av de naturlig forekommende kompleksdannende 
ioner. Orienterende forsok har vist at forholdene ikke er enkle. En 
vanskelighet ved undersgkelsen av disse likevekter i oplosningen er 
at det dannes meget tungtoploselige bunnfall. 

Jeg skal her bare ganske kort antyde hvorledes man kan fore- 
Stille sig at ionelikevekter som de nevnte kan ha hatt innflytelse pa 
solvfellingen. 

Nar metallisk solv forst er dannet pa gangene, ma oplgsningene 
til en viss grad ha innstillet sig efter dette. Hvis sa ikke var tilfelle, 
matte det dannede solv, ved en reaksjon som en av de nevnte, enten 
atter loses, eller mere solv matte felles ut (pa det forste felte ?) 
uansett om det var en sadan prosess som gav anledning til felling 
av det forste solv eller ikke. Hvilket av de nevnte metaller det er 
som har veret virksomt, avhenger av oplosningens sammensetning 
og pH og temperaturen. En ytterligere forandring i en av disse 
likevektsfaktorer i samme retning som den som gav anledning til 
solvfelling ma bevirke en ytterligere solvfelling. At herunder mangan 
eller kobolt ikke er felt som oksyder kan ha sA mange forklaringer 
(f. eks. at oplosningene var for tynne). 

En nevneverdig forandring i oplosningenes pH eller ovrige 
sammensetning forutsetter vel reaksjon med eldre mineraler eller 
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andre oplosninger. Ved en sadan indirekte reaksjon med f. eks. 
sidestenen, kan denne kanskje frembringe solvfelling uten 4 inneholde 
noget som kan redusere sglvioner og uten at elektrolytiske fenomener 
behever 4 optre. Serlig viktig kan her den overgang fra surt til 
alkalisk som de magmatiske ekshalasjoner gjennemgar pa grunn av 
silikatenes hydrolyse ha veret. 

Det eneste som kan medfore en storre likevektsforskyving uten 
at oplosningene reagerer med noget annet, er en temperaturforandring. 
For iallfall nogen av de nevnte likevekter er det sikkert at en temperatur- 
nedsettelse vil bevirke en sglvutskillelse. 

Nu er det meget som viser at magmatiske oplosninger avkjgles 
pa sin vei, og det er ogsa vist teoretisk at sa ma skje (H. C. Boydell 
(12)). Denne avkjoling ma henge sammen med en varmeavgivelse 
til sidestenen, og denne varmeavgivelse ma henge sammen med side- 
stenens varmeledningsevne. Pa Kongsberg har, som for nevnt, de 
kisstriper som synes 4 ha medfort sglvfellingen en betydelig storre 
elektrisk ledningsevne enn de ovrige bergarter. De ma ha en til- 
svarende hgiere varmeledningsevne, da de vesentlig bestar av magnetkis, 
og denne er, i sammenligning med silikatene, en god leder bade for 
varme og elektrisitet. Og mens denne forskjell i elektrisk lednings- 
evne dengang ikke kan ha veret fullt sa fremtredende som nu, fordi 
sidestenen ma ha veret gjennemtrengt (ved diffusjon?) av de godt 
ledende oplgsninger, hvorved de darligledende bergarters elektriske 
ledningsevne ma vere Dlitt storre, vil noget lignende ikke vere 
folgen for varmeledningsevnen, fordi en vandig elektrolytoplosning 
ikke har en nevneverdig storre ledningsevne enn det rene vann, og 
fordi silikatenes ledningsevne er av omtrent samme storrelsesorden. 

Kisstripene ma derfor ha tatt en forholdsvis stor del av varme- 
tapet pa sig, og kan derfor, ved forskyving av en av de nevnte 
ionelikevekter, ha bevirket at oplasningene har avsatt meget solv 
ved passasjen forbi dem. De behover ikke 4 ha virket opvarmende 
pa sine omgivelser ved 4 lede varme op fra dypet, fordi de ikke 
behover a medfore nevneverdige forandringer i varmenivaflatene. 

J. H.L. Vogt (133) og A. Holter (120) antyder begge at berg- 
artenes varmeledningsevne kan ha veret avgjorende for solvfellingen, 
men uten 4 nevne noget om hvilke kjemiske reaksjoner det er som 
derved skulde ha veret virksomme. 

Pa enkelte av de ganger som holder mosesglv gir dette umiddel- 
bart inntrykk av 4 vere krystallisert ut av en oplgsning. Disse 


68 EINAR JENSEN 


ganger har nemlig ytterst et tykt kvartsbelegg mot fullstendig uom- 
vandlet sidesten, og det eneste tungmetallmineral er det metalliske 
solv som sitter fullstendig innleiret i kalkspat, uten 4 kunne sees a 
vere i bergring med noget annet. I nogen av disse stuffer er solv- 
krystallene meget korte og tynne, og bergrer ikke hverandre inn- 
byrdes, hvilket man ser, nar kalkspaten loses i syre. Krystallene 
har, som vanlig, et tynnt belegg av koboltnikkelarsenider. 

Ogs& mange andre steder har man gjort den erfaring, at solv- 
forekomstenes solvinnhold er avhengig av de solvforende gangers 
sidesten. Saledes nevner G. Berg (6) at man pa Freiberg har noget 
lignende den Kongsbergske kryssregel, idet man finner rike gang- 
kryss der hvor den sakalte annen fluobarytiske formasjon krysser 
de kisrike eldre ganger. J. H.L. Vogt (132) omtaler for den lille 
selvforekomst pa Hiso ved Arendal at man synes 4 ha iakttatt at 
gangen er rikest der hvor den skjzrer fahlband. C. A. Minster (82) 
antyder, at ved Eidsfoss jernverk skulde fahlbandenes rolle vere 
overtatt av magnetjernstensmassene. I alle disse tilfeller kunde muligens 
sidestensbergartenes vannledningsevne ha veeret medbestemmende for 
solvets fordeling. 

De mange opstillinger av den ensartede mineralsuksesjon pa 
ertsganger (50, 76, 84), en suksesjon som er noksa uavhengig av 
de omgivende bergarter sa lenge disse ikke er meget reaktive, 
kan jo tydes derhen, at det er en helt lovmessig forskyving av 
likevekter i oplosningen som har bevirket sglvfellingen. Sglvets for- 
deling efter kryssregelen kan derfor kanskje opfattes som et resultat 
av to overleirede prosesser. Den ene er den sglvutskillelse som 
oplgsningenes avkjoling (og andre endringer) kanskje i alle tilfeller 
for eller senere vilde ha bevirket, og den annen er den lokalisering 
av denne felling om de godt ledende kisstriper som passasjen gjen- 
nem de dannede sprekkesystemer har medfort. 

Det er min hensikt, nar jeg far anledning til det, 4 undersoke 
disse likevekter nzermere. Jeg vil her bare papeke, at det ikke synes 
utelukket, at de kan ha spillet en rolle og at de kan gi en utvungen 
forklaring pa visse, ellers vanskelig forstaelige trekk ved forekomsten: 
at solvet vesentlig foreligger metallisk, kryssregelen, at gangene kan 
holde solv i nogen avstand fra de ledende kisstriper, og at det metal- 
liske solv kan sitte elektrisk og kjemisk godt isolert fra sidestenen 
med dens kis ved gangmineraler (kvarts). 
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Tradsglv. 


Tradsolv fra Kongsberg er beskrevet og avbildet mange ganger 
i den geologiske litteratur; jeg kan f. eks. henvise til J. H. L. Vogts (133) 
og C. Bugges (24) arbeider med illustrasjoner. 

Det er lange, krumme og forvredne dannelser med en karak- 
teristisk stripning parallelt med lengderetningen. Traddenes diameter 
kan vere fra brokdeler av en millimeter til flere centimeter, og 
lengden kan vere flere decimeter. Som folge av denne variabilitet 
kan de se temmelig forskjellig ut, det kan vere lange, tynne trader 
eller kKrumme staver, eller korte, tykke horn, eller rene ngster av 
fine fibre. Det er mulig, men ikke sikkert, at der er to typer av 
dem (120); men mens man aldri et gieblikk er i tvil om man har 
trads@lv eller ikketradsglv for sig, er det ikke lett 4 se hvor man 
skal trekke grensen mellem de to typer efter deres utseende. Oftest 
kan tradene ses 4 sitte med sin nederste, bredeste ende festet pa ett 
eller annet mineral, saledes at det ser ut som om de vokser op av 
dette. Mineralet er alltid en elektrisk leder. I de allerfleste tilfeller 
er det solvglans, men det kan leilighetsvis vere en r@dgyldigerts, 
svovelkis eller endog metallisk salv. 

Alle de trader jeg har undersokt viser enkelte felles trekk. Det 
er for det forste den karakteristiske maten de ,vokser“ op av under- 
laget pa. De brekkes lett av ved basis, og bruddflaten viser ingen 
reaksjonssone eller nogen fortsettelse av traden ned i sulfidet. Under- 
soker man stripningen i mikroskopet ser man at pa alle er der 
krystallflater. Samtlige de stuffer, hvis overflate ikke er beskadiget, 
viser pa disse flater en trinvis opbygning av smi, til dels meget sma 
krystallflater. Pa enkelte storre trader kan dette ses med det blotte 
gie. Allerede J. H. L. Vogt (133) gjor opmerksom pa at det alminde- 
lige tradsglv leilighetsvis viser antydning til krystallinsk overflate. 
Det hele synes 4 tyde pa at tradene har en opbygning av lange, 
smale krystaller som ligger parallelt med deres lengderetning. Hver 
trad ser ofte ut som bunter av krystaller, og ofte ser det ut som 
om enklere trader har sluttet sig sammen til tykkere, mere kompli- 
serte dannelser. Selv om en trad makroskopisk ser nogenlunde rund 
og glatt ut, viser den pa grunn av denne krystalflatedannelse i mikro- 
skopet en ujevn overflate med skarpe kanter og innspringende vinkler 


mellem disse. 
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H.C.H. Carpenter og M.S. Fisher (26) fant ved en mikroskopisk 
undersokelse av tradsolv fra Kongsberg, slepet ved en egen teknikk, 
at traden er opbygget av krystaller som er lengdestrukket i tradens 
retning. R. Schenck og medarbeidere (104) fant ved rontgenunder- 
sokelser av kunstige solvtrader, at fiberaksen er parallell med [1 12)% 
noget sadant kunde ikke pavises hos et par naturlige prover (120). 

Resultatene av de hittil utforte analyser av solvmineralene fra 
Kongsberg synes 4 tillate folgende slutninger: 

1: Tradsolv er dannet ved en annen prosess enn de ovrige 
typer av metallisk solv. 

2: Tradsolv synes alltid 4 vere dannet pa samme mate. 

3: Det tradsoly som sitter direkte pa solvglans er dannet 
av denne. 

Allerede lenge har man gjort forsok pa 4 eftergjore det natur- 
lige tradsolv, for om mulig derved 4 finne forklaringen pa dets 
dannelse. Typen finnes jo ikke bare pa Kongsberg, men ogsa ved 
en rekke andre solvforekomster. Selvy om det pa Kongsberg bare 
utgjar en mindre del av det metalliske solv, er dets utbredelse der 
almindelig. Man ma derfor ga ut fra at det dannes forholdsvis lett 
i naturen, altsa under temmelig almindelige betingelser. 

Man har videre, pa grunn av at det oftest sitter festet pa solvglans, 
gatt ut fra at det er dannet derav, og det er bemerkelsesverdig, at 
i alle de tilfeller hvor man virkelig har fatt dannet tradsolv kunstig, 
er man gatt ut fra sglvsulfid eller de dermed ner beslektede sglv- 
selenid og solvtellurid. Det fortjener ogs4é 4 nevnes, at man har 
fremstillet lignende trader av kobber av det solvsulfid meget lignende 
kuprosulfid. Man kan tyde dette derhen at tradsolvdannelsen er 
knyttet til bestemte egenskaper ved parret solv-solvsulfid. — Jeg 
Skal gi en ganske kort oversikt over de viktigste arbeider over trad- 
solvdannelsen. 

R. J. Haiiy (54) fant at ved méatelig ophetning av solvglans 
vokser solv i tradform ut av dens overflate. 

H. Rose (100) undersokte dannelsen av tradsolv ved opheting 
av solvsulfid i vannstoffatmosfere. 

Hittorff (59) fant at nar han sendte en elektrisk strom gjennem 
salv- eller kuprosulfid blev der dannet trader ved den negative pol. 

G. Bischof (10) fant at tradselv kunde dannes ved en temperatur 
under sinkens smeltepunkt. 
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B. Corenwinder (32) fikk en livlig traddannelse i vanndamp 

ved 100°, og ved 4 ophete forskjellige deler av roret til forskjellig 
temperatur. 

G. Bischof (11) reduserte kunstig svovelsoly med vanndamp til 
tre- og mosformede gestalter. 

Gladstone (43) ophetet litt kuprooksyd i solvnitratoplosning og 
fikk derved tradformet solv. Tradene var meget sma; det var meget 
smukt 4 folge traddannelsen i mikroskopet. 

E. B. Miinster (83) reduserte porgst (felt, torret, pulverformet) 
og smeltet solvsulfid i vannstoff og vanngass, og fikk trader av det 
porgse, men ikke av det smeltede sulfid. Derav slutter han at trad- 
dannelsen henger sammen med at de porgse stoffer kan suge op 
gasser. Solvsulfidet suger op sa meget vannstoff at svovelet kan 
forbinde sig fullstendig med dette, og sd foregar dekomposisjonen 
plutselig — han arbeider nemlig ved meget hgie temperaturer, sa 
reaksjonen foregar raskt. — Umiddelbart efter dekomposisjonen 
foreligger solvet og svovelvannstoffet molekylvis fordelt ved siden 
av hverandre i en slags fluid tilstand, ,hvorpaa begge paa Grund 
af Svovlvandstoffets Spzndkraft baner sig Vei efter den mindste 
Modstandslinie, idet Sglvet derved antager Traadformen.“ En_ be- 
regning viste ham at svovelvannstoffet ma ha et trykk pa flere tusen 
atmosferer. Han hapet 4 kunne gi et bevis for at tradsglv virkelig 
er dannet av sglvglans ved 4 sammenligne kvikksglvinnholdet i 
sammenhgorende stykker av de to — det strandet pa at der ikke var 
noget kvikksolv. 

J. H. Collins og T. A. Readwin (30) iakttok at i lopet av ett ar 
var sglvtrader vokset ut av solvglans. 

J. Margottet (78) fikk av grovkrystallinsk sglvsulfid, fremstillet 
ved a lede svoveldamp over solv ved mork redgled, i vannstoffstrom 
trader fra 440° av. Forst blev der dannet fjzerbusker (aigrettes), 
som senere gav trader. Solvsulfidkrystallene beholder derunder 


sin form. 
A. Liversidge (77) fikk solvtrader av smeltet solvsulfid i muffel 


mellem 200 og 400°. 

L. Opificius (88) iakttok at nar sglvsulfid i stykker ophetes i 
vannstoffstroam i 36 timer fas trader op til 3 ganger 70 millimeter. 
Anvendes kuldioksyd istedenfor vannstoff, fas de samme smukke 
trader. I begge tilfeller fas de smukkeste trader mot gasstrommen. 
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Den forste som omtaler fenomenet mere inngaende for Kongs- 
bergforekomstens vedkommende er J. H. L. Vogt (133). Han citerer 
ogsa en lang rekke eldre arbeider som ikke er mig tilgjengelige. 
Serlig behandler han reduksjonen ved vanndamp, og forklarte like- 
som Minster traddannelsen ved at: de opsugede gasser i dannelses- 
gieblikket har en betydelig ekspansjonskraft; det dannede metalliske 
solv vil derfor, likesom en rakett, skytes ut av sulfidet. 

K. Friedrich og A. Leroux (41) fikk trader bare av kunstig solv- 
sulfid (som alltid inneholder smA mengder fritt solv) fra 180° av, 
derimot ikke av naturlig solvglans, ikke medmindre denne har veret 
smeltet. De slutter derfor at solvet ikke er dannet av sulfidet ved 
hgiere temperatur, men bare presses ut av det, vel som en folge 
av den ved 180° foregaende omvandling av selvsulfidet. Betingelsen 
for dannelsen av tradsolv er ikke neerveer av vanndamp, men neerver 
av metallisk solv. 

Temmelig inngaende er fenomenet undersokt av V. Kohlschiitter 
og E. Eydmann (69). De anvendte alltid felt solvsulfid, og undersokte 
dets forhold i vannstoff, luft, vanndamp og vakuum. For vannstoff 
finner de at reduksjonen er paviselig alt fra 200° av, synlige solv- 
punkter fra 280° av, reduksjon og traddannelse forst for alvor fra 
350° av. Ogsa ved 380° og 2' atmosferes trykk fikk de trader. 
For surstoff begynner prosessen ved 280°. For vanndamp fant de 
at produktet ligner meget det for vannstoff og surstoff, kun matte 
temperaturen vere vesentlig hoiere. Likesa fikk de solvtrader ved 
a lede kvikksolvdamp over solvsulfid ved ca. 360°; det gikk lang- 
sommere enn reduksjonen ved hjelp av vannstoff. 

Ved opheting i kvikksolvpumpevakuum i nogen timer til 260— 
280° fikk de en liten mengde tradsolv, men ingen paviselig trykk- 
stigning. 

Ved opheting i fullstendig vanndamp- og luftfri kuldioksyd til 
400° fikk de litt trader; dette antar de skyldes dissosiasjonen av 
sulfidet, idet svovelet fores bort. Dette bekreftet de ved folgende: 
de ophetet sglvsulfid til 400° i kvikksolvypumpevakuum sammen 
med et stykke kobberblikk. Kobberet blev svart, og der dannedes 
solvhar i sulfidlagets @verste del, selv om kobberet befant sig i nogen 
avstand fra sulfidet. Brukes platina istedenfor kobber, skjer der 
intet slikt. Med solv istedenfor kobber fas litt trader. Med aluminium 
(uten vakuum) fas ikke trader. At kobber virker sterkest, forklares 
ved at det har den storste affinitet til svovel. 
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O. Miigge (80) leverer en god oversikt over eldre arbeider. Han 
fant, at traddannelsen ved anvendelse av vannstoff som reduksjons- 
middel begynner ved 180°. Han fant ingen forskjell pa naturlig og 
kunstig (smeltet) solvsulfid. Han forklarer prosessen ved A anta at 
det hele har veret i en kvasiflytende tilstand under selve prosessen, 
men er krystallisert efterpa, idet sulfidet spaltes raskere enn det ut- 
reduserte solv krystalliserer. Ved sliping fant han at tradene fort- 
setter ned i sulfidet. 

A. Beutell (8) antar som forklaring at det solv som dannes ett 
sted pa sulfidet ved dissosiasjon i vakuum vandrer gjennem sulfidet 
til dettes koldere ende, hvor det er 4 iaktta som fine har. Han fikk 
rikelig tradsolv ved 4 opvarme solv og sglvsulfid i bergring med 
hverandre. Sglvselenid og sglvtellurid opforer sig som sulfidet. 

C. Tubandt, S. Eggert og G. Schibbe (129) fant at ved elektro- 
lyse av en solvsulfidcylinder mellem en platinakatode og en solvanode 
er efter en tid anoden avtatt i vekt, mens cylinderen er tiltatt. Dette 
solv finnes igjen som fine trader i cylinderens indre. 

R. Schenck, R. Fricke og G. Brinckmann (104) fremhever, at 
da solv i solvsulfid har en meget stor bevegelighet, og selv svake 
strommer kan elektrolysere s@lvsulfid, kan den termiske traddannelse 
ved opheting i oksyderende eller reduserende gaser eller i vakuum 
forklares ved denne elektrolytiske solvionevandring i sulfidet, altsa 


ved kjeden: 
Ag | Ags | Ag 


1 2 

De smeltet sammen sglvsulfid og solvsulfat og fant at det efter 
ligningen Ag,S+Ag,SO,=4 Ag+2SO, dannede solv var i tradform. 
Dog angir de intet neermere om forsoksbetingelsene. Ved rgntgen- 
undersokelser fant de at i tradene er fiberaksen parallell med [112] 
og sammenholder dette med det av R. Glocker og E. Kaupp funne 
at elektrolytisk utskilt solv kan ha fiberstruktur. 

K. Sollner (111) antar, idet han stotter sig til Volmers fore- 
stillinger, at solvet vandrer pa grunn av en todimensjonal termisk 
bevegelighet langs sulfidets overflate efter reduksjonen, inntil det 
krystalliserer ut om tilfeldig dannede centra. At det derved frem- 
kommer trader, forklarer han ved at tradene skulde ha en retning 
med foretrukket veksthastighet. Dette stemmer med Beutells forsok, 
som viste at en s@lvsulfidstang ved opheting spaltes sterkest i den 
varmeste ende, mens tradsglvdannelsen skjer i den koldeste ende. 
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H. W. Kohlschiitter (68) bekrefter eksperimentelt ved hjelp 
av to sammenpressede sglvsulfidcylindre at den av Schenck og 
medarbeidere antatte termokjede kan levere tradsglv. Katoden var 
efterpA fastvokset til den ene sulfidcylinder ved tykke solvtrader. 
Fenomenet var uavhengig av om elektrodene var forbundet med 
en ytre leder eller ikke. De to sulfidcylindre hang ikke sammen. 
Han forklarer traddannelsen ved at solvkim, dannet pa sulfidets over- 
flate ved termisk dissosiasjon, apenbart vokser ved _ stofftilforsel 
fra sulfidets indre. Tradene er faste som trukne sglvtrader, men 
brekker lett las fra sulfidets overflate; de fortsetter ikke, iallfall ikke 
med samme tykkelse, inn i sulfidet. At trader serlig lett dannes av 
solv via so@lvsulfid, ma skyldes eiendommeligheter ved paret solv- 
solvsulfid. Han iakttok, at solvsulfidet ved traddannelsen beholdt 
sin form selv i nerheten av en trad. Er forst en solvkim dannet, 
konsentreres fenomenet om denne; det forklarer at man pa mindre 
sulfidpartikler far oftest bare en trad. Tradene er krummet fordi 
de stadig knekker av pa det svake ansatssted. Berorer en trad en 
annen sulfidpartikkel enn den den vokser pa, utloses fenomenet ogsa 
der. Felt (svovelholdig) sulfid gir szerlig store trader. Overskytende 
solv undertrykker fenomenet. Dette skyldes at en tilblanding av 
solv gir for mange solvkimer, mens svovel gir anledning til dannelsen 
av bare fa kimer. Videre viser han ved forsok at den aggregasjon 
som forer til traddannelse finner sted pa sulfidets overflate og ikke 
i det indre. 

Alle disse undersokelser stemmer ikke helt overens. Seerlig 
strider mange av de eldre iakttakelser mot de nyere. Der kan 
fremsettes innvendinger mot flere av dem; ogsa mot de forklaringer 
som er fremsatt. 

Corenwinder fikk solvtrader allerede ved 100° ved vanndamp 
(Collins og Readwin ennog ved almindelig temperatur — i luft?), 
mens det for de andre av de nevnte ikke er lykkedes ved sA lav 
temperatur. Jeg har ophetet solvsulfid i vann til 150° i flere timer 
uten at det skjedde den minste forandring. 

Jeg har forsokt 4 eftergjore Gladstones forsok med traddannelse 
ved kuprooksyd, men fikk aldri trader, bare solv som fine krystaller. 

L. Opificius fikk trader i kuldioksydstrom. Her kan ikke gassen 
ha veeret virksom, men bare den termiske dissosiasjon som ved 
temperaturer over 400° kan bli meget merkbar. 
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J. H.L. Vogt mente at kompakt solvsulfid ikke skulde gi trader, 
hvilket han bygger pa Miinsters iakttakelser. 

Dette strider mot en rekke andre forskeres iakttakelser. Det 
lykkedes mig, ved opheting i vannstoff eller luft, med letthet a fa 
smukke trader av naturlig solvglans fra Kongsberg. Jeg fremstillet 
grovkrystallinsk sglvsulfid ved 4 ophete et solvblikk med. over- 
skytende svovel i vakuum i nogen dager til 350°, og destillere av 
det overskytende svovel i vakuum. Der dannedes kompakte kry- 
staller med kantlengder pa flere millimeter. Disse gav ved opheting 
i vannstoff- eller luftstram smukke trader. — Antakelsen om den 
rakettaktige utskyting av sglvet strider mot den kjennsgjerning at 
selvsulfid ved denne temperatur (3—400°) er altfor blott og plastisk 
til at solvet kan presses ut slik: solvet selv kan, pa grunn av for- 
urensninger, ha en betydelig hardhet. Videre matte da tradene 
fortsette ned i sulfidet, hvilket de ikke gjor. Og hvor skulde endelig 
de store gassmengder som skulde til for 4 skyte ut trader av flere 
hundre grams vekt, fa plass, og hvor skulde de komme fra? Prosessen 
er langsom, ved meget lavere temperatur meget langsom; og ved 
den reaksjon man har med vannstoff (Ag,S+H,772Ag+H,S) som 
er den som raskest og sikrest gir trader, er gassvolumet for og efter 
prosessen det samme. 

K. Friedrich og A. Leroux hevdet at der bare dannes tradsglv 
av kunstig solvsulfid og ikke av naturlig. Det kan efter de oven- 
nevnte forsok med sglvglans fra Kongsberg ikke vere riktig. Like- 
ledes er fenomenet ikke begrenset til temperaturer over 180°, hvilket 
fremgar av forsok jeg senere skal nevne. Derfor kan prosessen 
heller ikke ha nogen forbindelse med solvsulfidets omvandling ved 
180 (eller rettere 179°). 

V. Kohlschiitter og E. Eydmann antar en pseudogasstilstand. Denne 
synes noget hypotetisk. Jeg skal senere anfore forsok som viser at 
den ikke kan forklare dannelsen av det naturlige tradsolv. 

Det samme kan innvendes mot O. Miigges kvasiflytende tilstand. 
Han anfgrer intet bevis for muligheten eller eksistensen av en slik 
tilstand. Han har ved sliping funnet at tradene fortsetter ned i 
sulfidet. Dette har jeg ikke kunnet bekrefte; det er heller ikke til- 
felle med det naturlige tradsolv fra Kongsberg. 

C.Tubandt, S. Eggert og G. Schibbe har fatt trader ved elektrolyse, 
og dette har veret tatt som forklaring pa det naturlige tradsolv. Disse 
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trader ligger jo inne i solvsulfid, helt omleiret av dette. Da solv- 
sulfid er meget tungt angripelig, vil tradene bare meget vanskelig 
kunne isoleres fra dette. Dessuten ligger det i sakens natur at disse 
trader ma vere ytterst tynne. SA snart en sadan solvbro mellem 
elektrodene er blitt sa tykk, at den ikke mere smeltes over pa grunn 
av den elektriske stroms varmevirkning, vil den jo overta den elek- 
triske ledning, og dermed vil dens tykkelsestilvekst ophore. Dannelsen 
av disse trader kan derfor ikke forklare dannelsen av centimetertykke 
trader i naturen. 

Schenck, Fricke og Brinckmann: mot deres termoelektriske elek- 
trolyse av solvsulfid som forklaring pa den vandring solvet ma gjore, 
kan innvendes: dypt i jordens indre ma de temperaturforskjeller som 
kan besta mellem de to ender av et stykke solvsulfid vere meget 
sma. Sulfidet er en god varmeleder, hvorfor de termoelektriske 
stroammer som kan opsta, ma bli meget svake, sa prosessen vil ta 
urimelig lang tid. De fikk videre trader ved 4 smelte sammen solv- 
sulfat og solvsulfid. Dette forsok har jeg prevet 4 eftergjore, idet 
jeg i lukkede ror smeltet sammen de to stoffer i forskjellige forhold; 
enten i stokiometrisk blanding, eller med overskudd av det ene eller 
det annet. Det lykkedes mig derved aldri a fa trader. Jeg fikk solv 
i forskjellige former, men mesteparten blev en glasaktig, hard masse 
med en eiendommelig rod farve. 

Alle de nevnte forsok pa a fremstille tradsolv av solvsulfid er, 
som man vil se, utfort ved oksydasjon eller reduksjon av sulfidet med 
gasser (vannstoff, surstoff, luft, vanndamp, vanngass eller kvikksolv- 
damp), ved termisk dissosiasjon eller ved elektrolyse. De eneste 
undtakelser er Gladstones forsok med kuprooksyd og Schenck og 
medarbeideres forsok med sammensmelting av sulfidet og sulfatet; 
hvilke to forsok det altsa ikke lykkedes mig 4 eftergjore. 

Under forsoket pa 4 anvende disse resultater til forklaring av 
tradsglvets dannelse i naturen (pa Kongsberg), viste det sig at ingen 
av dem er seerlig tjenlige hertil. For det forste er de fleste av for- 
sokene gjort ved altfor hoi temperatur, og for det annet har de 
anvendte reagenser veeret i gassform. 

Den laveste temperatur som kan gi tradsolv, opgis noget for- 
skjellig, fra 180 til 280°, med undtakelse av Corenwinders og Collins- 
Readwins angivelser, som jeg ikke har kunnet bekrefte. 

For a bringe pa det rene hvad den laveste temperatur er som 
kan gi paviselig traddannelse for naturlig Kongsbergsglvglans, med 
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den gass som lettest og sikrest gir traddannelse, gjorde jeg dette 
forsok: En solvglanskrystall' (fra Gottes Hiilfe og fra en stuff som 
ved omhyggelig analyse ikke viste sig 4 holde annet enn solv og 
svovel) av vekt 0,6585 g blev ophetet i uavbrutt vannstoffstrom i 
en elektrisk ovn i 147 timer til 248—256 (i middel 255°). Vekten 
var efter ophetingen 0,6581 g, svarende til at 0,5% var redusert. 
Overflaten sa graligmatt ut, i mikroskopet kunde ses at hele over- 
flaten var dekket med meget fine trader, som til dels kunde ses a 
vere lengdestripet. Dette forsok viser at traddannelse ved temperaturer 
under 250° vil vere en uhyre langsom prosess. Tidligere (side 15), 
har jeg nevnt at temperaturen under sglvavsetningen vel har veeret 
betydelig (ca. 100°?) lavere. Det er derfor ikke rimelig at de nevnte 
gasser har frembragt de mektige trader man finner pa Kongsberg. 

Det er i sig selv lite rimelig at gasser skulde optre: forst 
skulde sglvsulfidet avsettes av vandige oplosninger, sa skulde gang- 
spaltene fylles av gass (damp) som skulde utfore reduksjonen til 
tradsolv i lopet av meget lang tid, endelig skulde spaltene atter vere 
blitt fylt med vezeske og helt utfylt med gangmineraler (kalkspat); 
og denne veksling mellem gass og veske skulde man anta ikke bare 
for Kongsbergforekomstens vedkommende, men for alle de fore- 
komster hvor tradsglv foreligger. 

Den gass man forst og fremst har villet anta var den virk- 
somme, er vanndamp. Ved et midlere dyp i grubene, iallfall 2000 meter 
under den davzerende dagoverflate (dette anslag er for sikkerhets 
skyld betydelig lavere enn de vanlige) har bergartenes trykk veret 
6—700 atmosferer, vanntrykket kanskje 200 atmosferer, mens vann- 
dampens metningstrykk ved 200° er vel 15 atmosferer. Det er 
derfor gitt at vannet ma ha veret kondensert. — Det er intet som 
tyder pa at det ellers har veret til stede andre gasser (kuldioksyd, 
vannstoff, kulvannstoffer) i sa store mengder, at de ikke kunde vere 
oplest i vannet under disse betydelige trykk. 

Alt dette gjor det rimelig 4 anta, at det naturlige tradsolv ma 
vere dannet annerledes, nemlig ved innvirkning av vandige oplgs- 
ninger (pa.solvsulfid) ved forholdsvis lave temperaturer. 

En omstendighet som ogs& taler mot at tradsolvy er dannet slik 
som i de nevnte forsok, er, at pa Kongsberg finnes det foruten pa 


1 Bergingenior R. Storen har velvilligst fra solvverkets samling overlatt mig det 
materiale jeg trengte til alle disse forsok. 
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selvglans ogsa pa andre ert- 
ser, og deriblandt pa rod- 
gyldigertser, men disse leve- 
rer ikke tradsglv ved reduk- 
sjon med vannstoff. 

Problemet blir altsa nu 
4 forklare tradsolvdannelsen 
ved hjelp av de tidligere 
(side 14) nevnte oplosninger 
med elementer som _ sglv, 
kobber, kvikksglv, arsen, 
antimon, jern, mangan, svo- 
vel, fluor, klor etc. 

Til 4 begynne med gar 
jeg ut fra at tradene er dannet av solvsulfid, idet deres naturlige 
forekomstmate synes 4 vise at dette er det hyppigste. Man ma da 
bringe pa det rene om oplosninger av elementer som de nevnte 
har nogen virkning pa solvsulfid. 

En del betraktninger over de naturlige selvtrader kan gi visse 
holdepunkter (fig. 7). 

Ser man pa en dannelse som denne, med tykke solvtrader 
sittende med sine tykkeste ender festet pa et stykke solvglans, og 
gar ut fra at solvet i tradene stammer fra sulfidet (dette er jo til- 
felle ved fremstilling av tradselv i gasser, og man ma vel kunne ga 
ut fra, at det i alle tilfelle dreier sig om samme fenomen — trad- 
solvet er i sig selv et temmelig enestaende fenomen), er det klart 
at solvet ma ha foretatt en vandring. Ved de lave temperaturer det 
her er tale om, kan det ikke ha vandret som metallisk solv, og 
heller ikke som kompakt solvsulfid. Vel har trykket under prosessen 
veeret betydelig (kanskje flere hundre atmosferer), men det har pa 
de apne, veskefylte spalter bare dreiet sig om et jevnt hydrostatisk 
trykk, ikke noget stress som kunde formodes 4 ha bevirket en ut- 
pressing av tradene (sammenlign Vogts rakett-aktige utskyting eller 
Friedrich og Leroux’s utpressing). Tilbake blir muligheten for van- 
dring: 1: som en diffusjon av elektrisk ngitrale solvatomer gjennem 
den faste fase, 2: vandring langs den faste fases overflate overens- 
stemmende med Volmers forestillinger, 3: vandring i kolloidal form, 
eller 4: vandring i ioneform. Sglvets vandring kan videre tenkes A 
forega gjennem vesken, langs fasegrenseflaten eller gjennem sulfidet. 
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De fleste av alle disse 
muligheter er tidligere pa- 
pekt avenellerannenavde 
tidligere nevnte forskere. 

Man kan her se bort 
fra diffusjon av elektrisk 
ngitrale solvatomer gjen- 
nem sulfidet. Det er en 
altfor langsom prosess til 
at den kan ha hatt nogen 
betydning her; og selv- 
sagt er der ikke tale om 
diffusjon av s@lvatomer 
i det metalliske solv. 

Den annen mulighet er vandring av sglvet i en slags todimen- 
sjonal fase langs den faste fases overflate. Den er antatt av Sdllner 
for traddannelsen i gasser. Han antyder dog intet eksperimentelt 
bevis for at noget sadant foregar. En konsekvens av hans teori er 
at da matte tradenes lengdetilvekst forega i spissen og ikke i basis 
(hvilket han selv er klar over). Arten av tradenes opdeling (som 
man kan iaktta bade pa kunstig og naturlig tradsolv), taler for at 
innleiringen av nye solvatomer i basis er forklaringen pa tilveksten. 
Tradene deler sig op, og pa naturlige trader vokser undertiden grenene 
sammen igjen lenger oppe. Denne opdeling og sammenvoksing skjer 
alltid ved at grenene metes under meget spisse vinkler, saledes at 
de til sist smyger sig parallelt op til hverandre. Dette kan forklares 
bade ved en spissetilvekst og ved en basistilvekst. Derimot har jeg 
aldri kunnet finne at tradene vokser sammen igjen korsvis, eller at 
en trad stumper av mot en annen — hvilket meget vel vilde vere 
mulig ved en spissetilvekst, men umulig ved en basistilvekst. Sdllners 
antakelse finner jeg derfor lite rimelig. Et enkelt forsok viser tydelig 
at tradene vokser ved innleiring i basis; iallfall ved traddannelsen i 
gasser, og derfor vel ogsa i vesker: 

Jeg ophetet en liten cylinder av sammenpresset sulfid i vann- 
stoff inntil trader var synlige i lupen. Uten at ophetingen blev 
avbrutt, blev et spor svovel fort inn i roret. Tradene blev gie- 
blikkelig sveertet av et overtrekk av solvsulfid. Ophetingen fort- 
sattes til hvitt solv atter var synlig i lupen, hvorefter forsoket blev 
avbrutt. Under mikroskopet viste det sig at tradene var dekket av 


Fig. 8. 
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et tynt lag solvsulfid i sin ytterste ende, mens de var fullstendig 
hvite nederst, og med en fullstendig skarp grense mellem de to 
partier. Fig. 8 viser et stykke av en sadan trad i ca. 100 gangers 
forstorrelse. 

Man skulde vente at tradenes tynne sulfidovertrekk skulde redu- 
seres til metallisk solv igjen, men dette hindres apenbart av at laget 
inneholder et overskudd av svovel. 

Mot antakelsen av en kolloid vandring av s@lvet i metallisk 
form kan innvendes at jeg (se side 84 ff.), har fatt dannet tradsolv 
av kobberholdige oplosninger. Nu Igses solv en del i kobbersalt- 
oplgsninger, hvilket vil hindre at kolloider kan besta; sglvet vil 
omkrystallisere. Derimot ser det ut som om kolloide solvoplgsninger, 
nar de forst er dannet, under passende betingelser kan felle sitt solv 
ut i helt kompakt form (se E. Einecke (35)). 

Som eneste mulighet star da igjen at solvet kan vandre i ione- 
form. Denne vandring kan tenkes 4 forega gjennem vesken eller 
gjennem det faste sulfid (idet en ionevandring langs den faste fases 
overflate, noget i analogi med Sdllners antakelse om en todimensjonal 
vandring av ngitrale selvatomer, er lite sannsynlig av de samme 
grunner). 

Ved en ionevandring i vesken ma sglvet pa en eller annen 
mate primeert ga i oplosning. Utfellingen og utladingen av dette 
opleste selv pa sulfidet igjen ma vere en elektrolyse. Men en 
elektrolytisk felling av solv pa solvsulfid er lite sannsynlig, da solv- 
sulfid er den mest elektropositive av alle kiser, edlere enn sglvet 
selv (iallfall er dette sannsynlig). Den habitus solv antar ved en 
elektrolytisk utfelling er oftere undersokt; men det er ikke lykkedes 
mig a finne noget i litteraturen om at solvet derved antar tradlignende 
former. Og man far jo lett trader ved reduksjon av solvsulfid med 
gasser; da er en elektrolyse helt utelukket. 

Den eneste mulighet som da gjenstér er ionevandring av solvet 
gjennem solvsulfidet. H.W. Kohlschiitter (68) viste da ogsa at dette 
kan forklare de fleste fenomener vedrgrende tradsolvdannelsen i 
gasser. Det er til evidens bevist at denne vandring foregar med 
den storste letthet. Prosessen er meget grundig undersokt, f. eks. 
av C. Tubandt og H. Reinhold (130) som fant at det rene, over 179° 
bestandige alfasolvsulfid er ren kationleder; betaformen er en darligere 
leder og en blandet sadan, idet elektronledning like under omvandlings- 
punktet deltar med ca. 20% i ledningsevnen; ved lavere temperatur 
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(0°) er ogsA denne form ren kationleder. H. Braune (13, 14) angir 
at ved hgiere temperatur er sglvionenes fri bevegelighet i solvsulfid 
ca. 200 ganger sa stor som den er i vann. C. Wagner (135) viste at 
anlopsprosesser hos stoffer med elektrolytisk ledningsevne kan for- 
klares enten ved a anta at kationer plus elektroner vandrer samme 
vei, eller ved at anioner vandrer en vei og elektroner den annen. 
Teoretisk kan han ut fra den forste antagelse beregne anlopshastig- 
heten for s@lv i flytende svovel ved 220°; og mener at tradsolv- 
dannelsen kan forklares ved at solvet der vandrer pa samme mite: 
svovel fjernes et eller annet sted pa overflaten, tilsvarende blir solv 
fritt, men det blir ikke pa stedet, men vandrer i form av solvioner 
plus elektroner inntil det treffer pa solvkimer, hvor det sa utskilles 
som kompakt sglv. Ligger kimene pa overflaten blir de skjovet 
naleformig ut, fordi svovelionene i solvsulfid danner et stivt skjelett. — 
Han har ikke gjort lignende undersgkelser over betasglvsulfidet, da 
de effekter han undersokte var for sma ved 170°. — I et samtidig 
arbeide (136) viser han at det er sannsynlig at elektronledningen 
er overveiende over sglvionenes ledning i alfasglvsulfid. W. Jost og 
H. Riiter (66) kunde bekrefte Wagners resultater ved bestemmelse 
av diffusjonshastighet for sma mengder kuprosulfid i alfasolvsulfid. De 
fant at ved store stromtettheter gjelder ikke Faradays lov lenger, og 
at ledningsevnen er overveiende metallisk, saledes at nar Faradays 
lov synes 4 gjelde ved lavere stromtettheter, skyldes det sekunder- 
prosesser, idet sglvet da kan diffundere raskt nok efter Wagners 
teori (altsA i form av sglvioner plus elektroner) Wagners antakelser 
om arten av sglvets vandring i solvsulfid er ytterligere bekreftet av 
H. Reinhold og H. Seidel (99). 

Jeg forestiller mig efter dette at traddannelsen i en oplgsning 
kommer i stand pa folgende mate: 

Selvsulfidets svovel fjernes og/eller bindes til noget annet enn 
sglvioner. Det derved i frihet satte solv vandrer (efter Wagners 
forestillinger) gjennem sulfidet, til det pa ett eller annet sted trer ut 
gjennem sulfidets overflate, hvor sa tradene dannes. Oplosningen 
ma altsa inneholde noget som kan binde svovelet, og et reduksjons- 
middel som kan redusere sglvioner til metallisk solv. Tradene 
sitter som loddet til sulfidet; brekker man dem av, ser man 
ingen reaksjonssone. Vesken kan derfor ikke komme til sulfidet 
der hvor tradene sitter. Veeskens angrep pa sulfidet og den derved 


resulterende traddannelse ma vere lokalisert til forskjellige steder 
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pa sulfidets overflate, som derfor ma ha forskjellige egenskaper. 
Denne forskjell behover vel ikke vere annet enn variasjoner i 
overflatens forurensninger (adsorberende evne?) med derav fol- 
gende mulighet for et noget forskjellig potential pa de forskjellige 
steder. 

At trader kan dannes ved en enkel prosess pa en mate som 
bare kan tilskrives solvionenes vandring, viser folgende enkle forsok 
(som ligner det Hittorff gjorde): En flat cylinder av sglvsulfid blev 
presset sammen mellem en sglvplate som anode og en sglvtrad som 
katode. Det hele blev ophetet i kulsyreatmosfere til 130° og en 
spenning pa 0,5 volt anlagt mellem de to elektroder. Efterpa var 
der langs sglvtraden pa sulfidet vokset ut meget sma, men i mikro- 
skopet synlige trader av metallisk solv. Dette solv er altsa elektro- 
lysert tvers gjennem sulfidet. 

Det gjelder a finne ut hvilke elementer og hvilke reduksjons- 
midler det er som kan gi tradsolv under betingelser som de som 
ma ha hersket pa Kongsbergforekomsten under dennes dannelse. 

Fors@kene er gjort pa samme mate som de tidligere nevnte, i 
de samme bomberer. 

Det anvendte solvsulfid er fremstillet ved 4 felle solvnitrat- 
oplosning med svovelvannstoff. Det grundig utvaskede bunnfall blev 
torret i en strom luftfri kulsyre ved litt over 100°, og s& befridd 
for sitt svoveloverskudd ved en times videre opheting til 250—300°. 
Jeg fikk derved et gratt pulver som blev siktet, fraksjonen 40—80 mesh 
blev brukt til forsokene. De ovrige fraksjoner blev presset sammen 
til grove cylindre som blev freset op og igjen siktet (det er nemlig 
ikke mulig 4 knuse solvsulfid). 

Solvsulfid er jo meget tungt oploselig (ifolge Chemikerkalender er 
oploseligheten ved 18° 1,37. 10-5 g i 100 ml), og i sammenheng der- 
med star dets store bestandighet likeoverfor de forskjelligste reagenser. 
Det forste skritt blir a undersoke om nogen av de for nevnte elementer 
allikevel av en eller annen grunn, i fortynnet, vandig oplesning av 
en av sine forbindelser, i savidt mulig ngitral veeske, ikke skulde 
ha en eller annen virkning pa solvsulfid; uten at der er noget reduk- 
sjonsmiddel til stede. Forsokene herover finnes i tabell 24. Der er 
anvendt 0,500 g selvsulfid og 50 ml oplosning. Rorene er oftest op- 
hetet i 20 timer til 130°. Tabellen viser, at av de anvendte reagenser 
er det, bortsett fra solvoplosningene, bare oplasningene av kvikksolv- 
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Salter, salter av treverdig jern og antimonforbindelser som har nogen 

synlig virkning. De fortsatte forsok er derfor utfort vesentlig med 

disse elementer, og dessuten av spesielle grunner med kobbersalter. 
Solvsulfid og kvikksolvholdige oplosninger. 


Kvikksolvsulfid er det eneste av disse elementers sulfider som 
i ngitral veeske er tyngre oploselig enn solvsulfid. Man skulde der- 
for vente 4 fa omsetningen: 


Hgtr +Ag,S=HeS+2 Agt. 


Tabell 24. 


Forskjellige agensers innvirkning pa selvsulfid. 


Oplgsning Molaritet oe ee Anmerkning 
gO eserves Gee 0,544 9 140 Intet skjedd 
Fg Glas eres stave ons 0,04 20 130 Rikelig HgS, AgCl, HgeCl, 
Opl. mol. falt til 0,01129 
EES OD e ae tet ne 0,01945 20 130 Litt HgS og solvkryst. Opl. var 
litt sur pa forhand 
CuGl wean se ssc ss 0,04 20 130 Rikelig AgCl dannet 
GwSOsea- beeen 0,04 20 130 Litt solv? Ikke solv i opl. 
9 reno Paeeaeianee 5% 14,5 150 Intet skjedd 
FeSO ines a taees | 0,20 20 130 Intet skjedd 
NH«4Fe(SOz), ...-- 0,01 14 150 I opl. en sglvmengde svarende 
til 28,0 mg AgoS. 
NHaFe(SQ,)5 .....- 0,04 20 130 Spor s@lv i opl. 
NaOH mettet med 
Asa) gare ateisyes: 0,10 20 130 Intet skjedd 
NasAsO z ngitral .. | 0,04 20 130 Intet skjedd 
NagAsO, ngitral .. | 0,05 20 130 Opl. 0,0003-normal pa AsIII — 
ellers uforandret 
NaOH mettet med 
SAO} Se aa ania 0,10 20 130 Uforandret? 
Brekkvinsten..... 0,04 46 100 Solvsulfidet er helt omkrystal- 
lisert 
NagAsO, ngitral .. | 0,04 20 130 Intet skjedd 
INA@ linea etepecnece ars 0,04 | 
INN By yea eee mero Seca Ne 0,04 20 130 Intet skjedd 
INI Gignac oat: 0,04 20 130 Intet skjedd 
DUN @ sacri. 0,04 20 130 Intet skjedd ; 
ISON: nagapaaeee 0,0418 18 150 10,9 % av sglvet felt efter et ars 
henstand. Litt solvkrystaller. 
INES Ore, 6 ogre Ooae 0,0444 20 130 1,6% av solvet felt. Litt salv- 
krystaller 
Ag,SO, (60 ml)... | 0,04705 92 139 Litt krystaller. 2,3% felt. Bare 


0,10 g AgsS anvendt 
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Rabe lies: 
Kvikksolvholdige oplosningers innvirkning pda solvsulfid. 


i —— 


Oplosning | Molaritet Anmerkning 

Merkuriklorid 50 ml 0,04 Dannet zinnober, kalomel, solvklorid. 
Intet solv. Molaritet falt til 0,01119 

Merkuriklorid 25 ml 0,08 ntet solvklorid paviselig 

Eerrosulfate 2outileeeta eerie 0,08 ntet zinnober synlig i mikroskop. Intet 
solv. 

Merkurisulfat 50 ml 0,01945 Opl. er et hydrolyseprodukt av saltet 1 
vann, altsa sur. Selv som sma krystall- 
naler 

Merkurisultate Os miler re 0,01945 Litt solv som krystaller. Ikke trader. 

Kerrosulfat:40) mill semen rere 0,25 

Menkurisuliats2 5) mln. ete 0,01945 Dannet en del zinnober. Intet solv 

SOlVsullate2 Spin lepers meres 0,04 


Ad det neest siste forsok: blandingen av de to oplosninger i det nevnte forhold var 
i stand til 4 redusere ut sglv av en sglvoplesning; den var altsa ikke for sur. 
Alle forsok ophetet i 20 timer til 130°. 


Forsgket viser, at noget slikt virkelig foregar. Der dannes zinnober 
som et redt ;bunnfall. Forsoker man a utnytte dette til reduksjon 
av solvsulfid, stoter man pa visse vanskeligheter. Ved anvendelse 
av sublimatoplosninger vil der utskilles kalomel. Ferrosulfat er et 
reduksjonsmiddel som ikke gir dette, men det viser sig, at solvsulfid 
med sublimat og ferrosulfat sammen ikke gir det minste solv; hvorfor 
vet jeg ikke. De fa forsok jeg gjorde, finnes i tabell 25. I intet til- 
felle blev der dannet tradsolv. 


Sélvsulfid og kobbersaltoplosninger. 


Kvikksglvsaltoplosninger angriper solvsulfid fordi de ved dobbelt 
omsetning danner det tyngre oploselige zinnober. Kobberkloridoplos- 
ninger angriper ogsa, som tabell 24 viser, solvsulfid, men derved 
dannes solvklorid, og ved de videre forsok kunde jeg vente A fa 
dannet et uoploselig bunnfall av kuproklorid, hvilket vilde vere meget 
generende for forsokene. Til de videre forsok foretrakk jeg derfor 
a anvende kobbersulfat, til tross for at et forsok hadde vist at dette 
hadde liten eller ingen virkning pa solvsulfid. Vel er begge kobber- 
sulfidene lettere oploselig i vann enn solvsulfid; imidlertid vil et 
sulfid som i sig selv er lettere oploselig enn solvsulfid, men som 
er isomorft blandbart med dette, delvis felles av en oplgsning som 
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holder sulfidets kation, idet disse 
ioner fortrenger solvioner av sg@lv- 
sulfidgitret. Dette vil raskt fore 
til en likevekt, med bare ganske 
lite solv i oplosningen. For at 
prosessen skal kunne fortsette, 
ma de opleste solvioner fjernes 
av opl@sningen ved et reduksjons- 
middel. Hvis de to prosesser — 
det fremmede ions inntrengen og 
sglvionenes (eller iallfall salvets) 
bortvandring, fremtrengen til sulfidets overflate og utfelling som fritt 
solv — er lokalt adskilt, matte det hele kunne resultere i traddannelse. 

Det eneste sulfid som viser nogen sadan isomorfi med sglv- 
sulfid, er kuprosulfid. Jeg kan henvise til et arbeide av C. Tubandt, 
H. Reinhold og W. Jost (131), hvori de viser, at nar et stykke sglv- 
sulfid og et stykke kuprosulfid bergrer hverandre, skjer diffusjonen 
av solv over i kuprosulfidet og omvendt raskt allerede ved 150°. 
I fast tilstand er de blandbare i alle forhold (sammenlign dog 
G. M. Schwartz (107) som fant at ved hoiere temperatur loser sglv- 
sulfid iallfall 20°%o kuprosulfid). 

For a fa tradsoly ma man altsa ha en opl@sning som holder 
kuproioner, eller som ialfall er i stand til 4 danne sadanne under 
passende (,naturlige“) betingelser. Det nodvendige reduksjonsmiddel 
for solv kan da vere selve kuproionet, eller der kan vere et annet 
reduksjonsmiddel til stede. Nu er det ikke lett 4 skaffe sig rene 
kuprosaltoplosninger, iallfall 
ikke nar de ikke skal vere 
sterkt sure. Men litt kupro- 
ioner kan man fa dannet 
under nogenlunde naturlige 
betingelser, nemlig ved de 
side 63 nevnte ionelikevek- 
ferme Perrosalterleverer 
kobbersaltoplosninger virke- 
lig en del kuproioner. Det 
er vist flere ganger (H.N. 
Stokes (114, 115); G.S. 


Fig. 9. Naturlig tradsolv. x 2. 


Fig. 10. Tradsglv av kunstig solvsulfid. ane 
: x 40. Nishihara (86); E. G. Zies 
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og medarbeidere (144)); 
ved 2—300° dannes der- 
ved kuprooksyd og ennog 
metallisk kobber, mens 
jernet samtidig gar over 
til treverdig. 

Forsok med traddan- 
nelse med kobbersaltop- 
losninger (0,5 g solvsulfid, 
samlet veskevolum 50 ml, 
ca. 20 timer, 130° — 
tabell 26) viser da ogsa, 
at mens svovelsyre (som 
nemlig dannes ved hydro- 
lyse av ferrisaltoplosnin- 
gene), ferrosulfat, kobbersulfat og jernammoniumalunoplgsninger hver 
for sig i lopet av ca. 20 timer ved ca. 130° virker lite eller intet 
pa solvsulfid, gir en blanding av kobbersulfat og ferrosulfat en rask 
og rikelig dannelse av metallisk solv, og dette solv er av utseende 
fullstendig likt det naturlige tradselv (fig. 9—11). 

Tradene, som kan vere over millimeterlange, synes 4 vokse 
op av sulfidet, de brekker lett av ved basis uten at de kan ses 4 
fortsette ned i sulfidet; de har den karakteristiske krumning, og de 
deler sig op pa samme mate som det naturlige tradsgolv. 

Tabellen viser, at forsok med 4 anvende natriumformiat som 
reduksjonsmiddel ikke forte til noget, fordi derved dannes ikke 
kuproioner, sa sulfidet forblir intakt. Grovkrystallinsk, bade naturlig 
og kunstig solvglans, gir trader like lett som det pulverformige. Ved 
almindelig temperatur skjedde derimot intet, selv i lopet av meget 
lang tid. 

Prosessen er i det hele ganske rask. Ved koking av soly- 
sulfid i et par timer i en oplosning som er ca. 0,1 molar pa ferro- 
sulfat og 0,02 molar pa kobbersulfat far man smukke trader. — 
Efter ovenstaende skulde man vente, at solvsulfidet efter traddannelsen 
holdt litt kobber. Selvsulfidet fra ett av forsokene blev vasket, forst 
med fortynnet svovelsyre for 4 fjerne ethvert spor av basiske kobber- 
sulfater og derefter med vann. Efter opslutning i konsentrert svovel- 


syre og utfelling av solv som klorid kunde der i oplosningen pavises 
litt kobber. 


Fig. 11. Bundt av tynne trader kunstig av naturlig 
selvglans. ~ 40. 
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Tabell 26. 


Forsok til traddannelse ved kobberholdige oplosninger. 
oo a ll a rE 


Oplgsning Molaritet te Anmerkning 


Kobbersulfat 25 ml...... 0,04 20 Intet skjedd 

Natriumformiat 25 ml... 0,04 

Kobbersulfat 25 ml ..... 0,04 20 Millimeterlange, typiske solvtrader 

Eerrosulfate25. miles... 0,2 

Kobbersulfat 25 ml ..... 0,004 ito) Sglv som krystallinske flekker. Tvil- 

Rerrosulfat 25) mit. -. .. - 0,04 somt om trader er dannet 

Kobbersulfat 25 ml ..... 0,5 15,5 Intet solv dannet i det hele 

Rerrosulfate2> ml 22s. .-- 0,04 

Kobbersulfat 25 ml ..... 0,04 15,5 Halvmillimeterlange, typiske sglv- 

Rerrosulfar 25mm. 27. 0,5 trader 

Kobbersulfat 25 ml..... 0,04 19,5 Er en gjentagelse av det annet for- 

Rerrosniiati coum lies ee 0,2 sok, med samme resultat, men med 
grovkrystallinsk sulfid 

Kobbersulfat 25 ml..... 0,08 Opbevart 343 dager ved alm. temp. 

Ferrosulfat 100 ml... - 2 10%-ig Intet skjedde. Sulfidet var natur- 
lige selvglanskrystaller 

Kobbersulfat 25 ml ..... 0,04 19,5 Er en gjentakelse av det annet for- 

Ferrosulfatezo. milion... 0,2 sok, men med naturlig selvglans, 
og samme resultat: vakre trader 

Kobbersulfat 25 ml..... 0,04 19,5 Ingen trader, men rikelig dannelse 

Solvsulfat 25 ml........ ca. 0,04 av solvkrystaller 


Hvor annet ikke er anfgrt, er anvendt syntetisk solvsulfid, 40—80 mesh. 


Forsgket med kobberklorid i tabell 24 viser at dette angriper 
selvsulfid ganske kraftig. Forklaringen er vel at det lille solv som 
gar i oplosning, felles som klorid for nogen likevekt har innstillet 
sig, saledes at nye mengder sglv ma oplgses fra sulfidet. 

I tabell 27 gjengir jeg nogen forsok som ikke er utfort i lukkede 
rer, ved almindelig temperatur eller ved ophetning til 100° i vannbad. 
Det forste forsok i denne tabell viser at traddannelsen hindres ved 
tilsetning av natriumklorid, under betingelser som ellers har vist sig 
gunstige. Hvorvidt dette nzrveer av klorider har virket ugunstig i 
naturen, er uvisst; der kan det iallfall ikke ha kommet til utskillelse 
av solv eller kobber som klorider. I de ovrige forsok i tabellen har 
jeg forsokt 4 fa kobbersulfatoplosninger til 4 levere kuproioner uten 
4 tilsette et annet metall, nemlig ved metallisk kobber, eller, da dette 
ikke finnes pa Kongsberg, ved metallisk solv, som jo ogsa loses, om 
enn i ringe mengde, i kobbersulfat (sammenlign side 64). Metallene 
er anvendt som sma spiraler som er nedsenket i vesken uten 4 
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Pa peliecg: 
Kobbersaltholdige oplosningers innvirkning pd solvsulfid. 


Tempera- 
tur 


Oplgsning eras Tid Anmerkning 


Kobbersulfat ..... 


Rerrosultateert errr 0,36 » 100 Meget selvklorid, intet solv 
Natriumklorid .... | 5% 

Kobbersulfat ..... 5% 2 > En mengde meget fine solv- 
SVOVvelSVieiee eer 5 %o 100 krystaller utskilt 
Kobberspiral ..... 

Kopbersnllatieerrer 0,4 » 150 dager En mengde grove sglv- 
SHOVE. cowes oo 0,4 » 20 krystaller utskilt pa sul- 
Kobberspiral ..... fidet 

Kobbersulfat ..... 0,5 % 150 » 20 Som foregaende 
SVOVEISVRem arise 0,5 % 

Kobberspiral ..... 

Kobbersulfat ..... 0,04» 20 timer | * Litt solv dannet som sma 
Sglvspiral ........ 130 krystaller pa sulfidet. 


Litt solv i opl. 


bergre sulfidet. Det blev alltid dannet en del solv, men ikke i form 
av trader. Krystallene var storst ved lavere temperatur. At jeg her 
ikke fikk tradsolv, kan muligens skyldes at traddannelsen er betinget 
av et visst forhold mellem vandringshastigheten for s@lvet i sulfidet 
og hastigheten av de reaksjoner som foregar pa sulfidets overflate 
og at det i disse forsok ikke er lykkedes 4 holde dette forhold innen 
de gunstige grenser (sammenlign H. W. Kohlschiitter). — For siste 
forsok i tabell 27 ma jeg gjore opmerksom pf at den utskilte solv- 
mengde er mange ganger sa stor som den som matte utskilles av 
kobbersulfatoplosningen ved dennes avkjgling. 

Foranstaende forsok viser at tradsolvdannelse kan komme i stand 
ved kuproionholdige oplosningers innvirkning pA solvsulfid. Det er 
ikke sikkert at tradsolvet i naturen er dannet pa denne maten. Et 
Stykke solvglans med rester av pasittende trader, fra Kongsberg, 
viste sig nemlig 4 vere fullstendig kobberfritt; hvilket dog ogsé kan 
tilskrives, at det dannede kuprosulfid er fullstendig fortrengt av salv- 
oplesninger samtidig med eller efter tradsolvdannelsen — sammenlign 
det side 10 nevnte forsok med sglvsulfat og kobberholdig solvsulfid. 
Men resultatene turde iallfall vise at det billede jeg har forsokt a gi av 
hele mekanismen ved prosessen (side 81 ff.) er riktig; ikke minst fordi 
de i tabell 26 nevnte forsok blev gjort netop ut fra den nevnte tankegang. 
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Solvsulfid og antimonsaltoplosninger. 


Forsoket (i tabell 24) med opheting av solvsulfid i en oplosning 
av kaliumantimonyltartrat gav som resultat at solvsulfidet derved om- 
krystallisertes under dannelse av lange (henimot millimeterlange) tynne 
krystaller som vel er betasglvsulfid. Dette, og den omstendighet, at 
antimonglans (tabell 5, side 23) av solvsulfatoplosninger feller en del 
metallisk solv i form av trader, viste at antimon matte kunne spille 
en eller annen rolle ved traddannelsen. 

Jeg har her, likesom tidligere, mattet ty til det kunstgrep 4 
holde antimonet i oplosning som kaliumantimonyltartrat. Derved blir 
antimonet for den aller storste del komplekst bundet, og man kunde 
innvende, at den erholdte traddannelse skyldtes dette kompleks, eller 
vinsyren. Jeg vil da papeke, at jeg ogsa har fatt trader uten vinsyre 
i nogen forsok — som i det nevnte med antimonglans. 

Antimonsulfid viser, i motsetning til kuprosulfid, ingen bland- 
barhet med sglvsulfid. Folgende forsok viser, at de to ikke diffunderer 
i hverandre, men derimot lett reagerer med hverandre i fast fase: 

En presset cylinder av selvsulfid og en sammensmeltet cylinder 
av antimontrisulfid blev presset sammen ved hjelp av en solvklemme 
(salvklemme for 4 hindre at solvsulfidet blev spaltet ved termisk 
dissosiasjon, kombinert med sulfidering av metallet i klemmen). Det 
hele blevy ophetet i vakuum i fire dggn til 325°. De to cylindre 
hang efterpa sammen, hvilket skyldtes, at der mellem dem var dannet 
et lag av en krystallinsk forbindelse med sterkt rod strek (sikkert 
Ag,SbS,, da dette, foruten miargyritt, er det eneste av de mange 
kjente solvsulfoantimoniter som lar sig fremstille ved hgiere temperatur 
(62); sammenlign dog K. Konno (71). I antimonsulfidcylinderen lot 
sig ikke pavise det minste solv, og omvendt i s@lvsulfidcylinderen 
intet antimon. At det ved den nevnte omkrystallisasjon heller ikke 
dannes nogen antimonforbindelse, viste jeg som folger: 

1 g solvnitrat blev i vandig oplosning felt med svovelvannstoff. 
Det grundig utvaskede bunnfall blev ophetet i 5 timer til 100° i 
50 ml 0,4-molar kaliumantimonyltartratoplosning. Produktet var et 
eratt, finkrystallinsk pulver; man far ellers aldri solvsulfid som pulver 
ved opheting med vandige oplosninger. Det blev vasket ut, kokt med 
kaliumtartratoplosning og atter vasket med vann, og terret ved 
almindelig temperatur. Var mikroskopisk fine naler med mork 
metallglans. Mikrokjemisk titrering viste 0,28% antimon og 86,4 °o 
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solv (mot teoretisk for rent solvsulfid 87,06%). Dette antimoninnhold 
er altfor lite til at det kan vere tale om en antimonforbindelse. 

Ved 4 ophete frisk felt solvsulfid i to timer til 100° i 0,04-molare 
oplosninger av arsenikk, kalilut, sinksulfat, nikkelsulfat, kobbersulfat 
eller natronlut skjedde ingen slik omkrystallisasjon, mens en til- 
svarende oplgsning av kaliumantimonyltartrat eller av kalilut hvori 
der var lgst litt antimontrioksyd ved under en times opheting til 
100° gav fullstendig omkrystallisasjon til et gratt pulver. Opheting 
av frisk felt solvsulfid i rent vann i 6 timer til 130° gav ingen synlig 
omkrystallisasjon; selvsulfidklumpene var fremdeles matt grasorte, 
mens i et parallellforsok med 0,04-molar kaliumantimonyltartrat var 
omkrystallisasjonen til naler da fullstendig og forresten allerede for op- 
hetingen synlig efter nogen timers henstand ved almindelig temperatur. 


Dabeble2s: 


Antimonholdige oplasningers innvirkning pda solvsulfid. 


Oplesning Anmerkning 
SbOKie2 Semler Uforandret 
IMCOOWA QS wl ose 
SIXOMC Ds tl, ogcose Uforandret 
eS Oye2 Sandler ee 
SIMOQUCIE 2S tl sscoase Litt solv som 
INESO-n BS lls soo sma _ trader 
SHO KeRS25 emilee Intet salv 
CUSOn, OS il sows soc 
NaOH mettet med 
SiO SO il ses oko k Intet solv 
NaOH mettet med 

SHOn Ball os scn 6 Uforandret 
Nake2 Steins eee ee 
NaOH mettet med 
SOHO 2) fl a ceoans Uforandret 
NH.,OH. H.SO, 25 ml 
SHOK 25am eee Uforandret 
Nash. SEO 25) ial. 
SDOK e251] eee Uforandret 


FeSO;825iinl aan 
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Resultatet av en del forsok med antimonholdige oplosninger og 
solvsulfid finnes i tabell 28. Porskjellige reduksjonsmidler tilsatt 
antimonoplosningene viste sig 4 vere uten virkning. Eiendommelig 
er det ogsa at kaliumantimonyltartrat alene ikke reduserer sglvsalter, 
hvilket antimontrioksyd gjor, idet der ved 18 timers opheting til 
ca. 145° blev dannet en del metallisk solv. Ogsa antimonglans leverer 
jo adskillig metallisk solv. Det eneste av forsokene i tabell 28 som 
gav trader var det hvor antimonoplosningen var tilsatt solvsulfat. Jeg 
skal senere nevne forsok hvor jeg ved hjelp av antimon har fatt 
dannet adskillig tradsolv. 

I ett av forsgkene i tabell 28 var der tilsatt natriumfluorid. Som 
man ser falt ogsa dette forsok negativt ut. 

Nar solvsulfid omkrystalliserer av antimonholdige oplosninger 
kan det bare skyldes at det deri har en storre oploselighet enn i 
rent vann. Som en mulig forklaring, som kan bringe dette i relasjon 
til traddannelsen ved antimonoplgsninger, skal her bare antydes at 
ogsa dette i siste instans skyldes sg@lvets bevegelighet i sglvsulfid- 
gitteret. Ogsa her beveger solvionene sig bort fra visse steder i gitteret 
mens svovelet bindes (komplekst?) i ringe utstrekning til antimon. 
Da burde et passende reduksjonsmiddel kunne gi traddannelse. 


Traddannelse ved andre elementer. 


Som tabell 24 viser, er de fleste andre provede elementer i 
vandig oplgsning uten innflytelse pa solvsulfid. Jeg har derfor ikke 
gjort nogen forsok med dem. Mange forsok lar sig heller ikke ut- 
fore. S&ledes vil arsen sammen med andre elementer bare felle disse 
som arsenater eller arseniter; treverdig jern, som virker pa selvsulfid, 
vil bare Igse dette og derfor ikke kunne gi tradsglv; ordentlige for- 
sok med fluorholdige oplosninger har jeg ikke hatt anledning til a 
utfore. — Et enkelt forsok med a ophete solvsulfid med 25 ml 
0,04-molar nikkelsulfat plus 25 ml 0,2-molar ferrosulfat i 20 timer 
til 130° resulterte i intet. 

Foruten traddannelser som skyldes tidligere dannet selvsulfid 
matte sadan ogsa kunne komme i stand ved selvholdige oplasningers 
innvirkning pa andre sulfider, via det derved primert dannede sglv- 
sulfid. Dette dannes jo alltid. 

Da traddannelsen er en reduksjonsprosess, og oplasningen ikke 
kan (iallfall ikke ved forsokene) holde noget reduksjonsmiddel sam- 
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men med solvet (for da vilde jo dette gieblikkelig falle ut som 
krystaller), ma den anvendte kis enten selv holde et reduksjons- 
middel for solv, slik at dette gar i oplosning eftersom sglvet felles 
som sulfid, eller kisen ma iallfall ved sin oplosning forandre veskens 
sammensetning pa en sadan mate at den nu blir i stand til 4 felle solv. 

Resultatene av en rekke forsok med solvoplosningers innvirk- 
ning pa kiser finnes i tabell 5. Antimonglans (bade naturlig og syn- 
tetisk) gav derved, som tidligere nevnt, trads@lv; ogsa koboltglans, som 
jo er et arsenmineral, gav ved siden av solv i forskjellige krystallformer 
ogsa litt trader. Det er dog mulig at dette henger sammen med et lite 
antimoninnhold hos koboltglansen, hvilket jeg har veeret avskaret fra 
A fa bekreftet ved analyse. — Videre gjorde jeg nogen forsok med 
kiser og de elementer som hadde vist sig 4 kunne gi trader, nemlig 
kobber og antimon. 

Ved forsok med kobber valgte jeg kiser som inneholder et 
reduserende metall. 

Ved forsok med antimon fant jeg ikke dette nodvendig (det var 
jo igrunnen, som jeg senere opdaget, ikke pakrevet hos kobber heller) 
da det viste sig at det treverdige antimon selv delvis var i stand til 
a redusere solv. 

Nogen kiser gir jo ogsa metallisk solv uten 4 vere reduserende. 
Forsokene med kobber blev imidlertid utfort for forsokene med 
kisenes reduserende evne. — 

Forsokene med traddannelse av kiser og kobberholdige solv- 
oplosninger finnes i tabell 16, side 42. TrAdsglv var bare dannet hos 
antimonglans, som jo leverer dette ogsa uten nogen kobbertilsetning. 

Forsokene med traddannelse av kiser og antimonholdige solv- 
oplosninger finnes i tabell 17, side 43. Som man ser er i samtlige 
de forsok hvor metallisk solv er dannet, dette i typisk tradform. 

Endelig kunde tradsolvdannelse komme i stand ved innvirkning 
av en oplgsning som inneholder ett av de nevnte elementer (kobber, 
antimon) pa en mekanisk blanding av to kiser. Oplosningen matte 
da enten selv holde solv, eller en av kisene matte vere solvsulfid. 
Reaksjonen kommer da i stand ved at en av kisene (eller begge) op- 
loses, saledes at oplosningen far den sammensetning som er nad- 
vendig for at den av sglvsulfid kan gi solv. Dette solvsulfid er da 
enten ferdigdannet pa forhand, eller det dannes under reaksjonen. 
Det antall kombinasjoner som her kunde proves er meget stort; 
men de har ikke sa stor interesse (en blanding av to kiser er ikke 
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almindelig pa Kongsberg). De f& forsok jeg har gjort finnes i tabell 29. 
De er gjort slik at pulvere av de to kiser (hvorav den ene alltid 
var duktil) av kornstorrelsen 40—80 mesh er presset sammen, og 
ca. et halvt gram av blandingen er ophetet i oplosningen i et bombe- 
rer til 130° i 20 timer. Jeg fikk virkelig tradsolv i ett av de fire 
tilfelle. 


Tabell 29. 
Mineral Oplos- Molaritet Anmerkni 
ning erkning 
Covellints cc AgeSOx, 0,04265 | Alt solv felt. Flere mm 
Magnetkis... normal lange ,,tre“ 
Selvglans ... FeSO, 0,1 Uforandret 
Covellin .... 
Selvglans ... | FeSO, 0,1 Uforandret 
Kobberglans . 
Selvglans ... CuSO, 0,04 En del trader, ellers intet 
Magnetkis... solv. Intet sg@lv i opl. 


Foruten at tradsoly kan vere dannet i naturen pa lignende mater 
som de jeg har fatt det til pa, kan det vere at det ogsa kan dannes 
av oplasninger som de jeg i det foregaende har nevnt at jeg ikke 
kan fremstille. Og nar jeg ofte ikke har fatt dannet trader pa mange 
mater hvor man skulde vente 4 fa det efter de forklaringsmuligheter 
jeg har antydet, behover dette ikke 4 skyldes annet enn at jeg ikke 
har kunnet opna det samspill mellem vandringshastighet for solv- 
ionene (eller iallfall solvet), reduksjonshastighet, polarisasjon og pas- 
sivering som sikkerlig er nadvendige. Ogsa pa Kongsberg foreligger 
der ikketradsolv som synes 4 vere dannet ved reduksjon av solvglans! 

Jeg provet om den tidligere omtalte overforing av solvsulfid i 
solv ved solvsulfatoplosning kunde utnyttes til dannelse av tradsolv, 
eventuelt under katalytisk innvirkning av kobbersulfat. Sglvsulfid i 
solvsulfatoplosning gav jo bare ganske lite metallisk solv; var op- 
losningen ytterligere tilsatt kobbersulfat blev metallisksolvmengden 
betydelig storre (vel fordi kobberet i sin enverdige form lett trenger 
inn i sglvsulfidet). (Smlg. siste forsok i tabell 26, side 87). Jeg 
ophetet derfor solvsulfid i en oplosning som inneholdt solvsulfat, 
kobbersulfat og kaliumantimonyltartrat i lukket ror til 130° i et 
par dager, og fikk derved dannet ganske meget typisk tradselv. 
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Pointet ved dette er at her kan kobber og antimon ikke felles 
som sulfider s& lenge der ennu er solv igjen i oplosningen (da 
de jo straks fortrenges av sine sulfider av dette). De er bare 
til stede som katalysatorer, mens det er selve sglvoplosningen 
som forbrukes. Og de tre elementer er blandt de som vel har 
veret til stede i selve de solvavsettende oplesninger. Tradsolv- 
dannelsen kan efter dette kanskje tilskrives de solvavsettende op- 
losninger selvy, og kan vere foregatt umiddelbart efter solvglansens 
dannelse; de forandringer i oplosningene som ma til for at de 
istedetfor 4 utskille sglvsulfid skal kunne redusere dette behover 
ifolge det tidligere nevnte neppe ha veeret betydelige. 

Konklusjon: Forannevnte forsok viser at det pa Kongsberg fore- 
kommende tradsolv er dannet ved vandige oplosninger, som foruten 
solv ma ha holdt andre tunge metaller i oplosning, saledes at neerveer 
av disse synes a vere betingelsen for at tradsolvdannelsen kan komme 
i stand. Oplosningene har innvirket pa solvsulfid eller andre naturlige 
sulfider ved temperaturer som gjerne kan ha veret under 100°. Der- 
ved kan man pa en utvungen mate gjgre regnskap for trads@lvets 
»vekst“ bade pa solvglans og andre kiser. Ved forsokene er det ogsa 
lykkedes 4 fa dannet tradsolv pa kiser pa hvilke det ikke er funnet 
a sitte i naturen. 


English Summary. 


This investigation is a discussion of the different chemical re- 
actions which may have caused the deposition of the silver ores 
(mainly native silver with some argentite) in the silver-containing 
veins at Kongsberg, in south-eastern Norway. The most characteristic 
feature of this deposit is the occurrence of silver in the veins at the 
points of intersection with certain thin ore (chiefly pyrrhotite) filled 
fissures — the’ “cross rule”. 

It is probable, or at least not improbable, that the dominating 
constituents of the silver-containing solutions have been the alkali and 
earth alkali metals combined as carbonates, sulphates and chlorides. 
A number of ore metals (silver, copper, mercury, bismuth, arsenic, 
antimony, lead, cobalt, nickel, manganese and zinc) have been 
present in rather low concentrations, also fluorine, silica etc. It is 
likely that small amounts of sulphur have been present as sulphide 
in the solutions. Experiments (table 1; fig. 1) show that by heating 
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Solutions of hydrogen sulphide and alkali sulphide to 130° C., the 
latter is not changed, and that hydrogen sulphide is completely de- 
composed. Neither react with metallic silver. This shows that hot 
solutions containing sulphur ions must be alkaline, and that silver 
can be deposited in the metallic state from solutions containing 
sulphur ions. — Resulphidation of the native silver is sometimes 
observed. This must either [be due to an anodic oxidation of the 
silver, or, as shown by experiments, to an oxidation by alkaline 
solutions of antimony pentasulphide. Pentavalent arsenic has no 
such effect. 

The temperature of the precipitation of silver is not easily deter- 
mined; certain signs indicate a rather low temperature, probably not 
much higher than 100° C. As temperature for the experiments 
I have therefore chosen 130° C. 

The precipitation of the silver from the solutions may take place 
in four different ways: 1: by reaction with older minerals in the 
veins or the adjacent rock, 2: by electrolysis, 3: by reaction through 
mixing of the silver-containing solutions with other solutions, and 4: by 
reactions going on in the silver-containing solutions themselves. 

Ad 1: Precipitation may be caused by various minerals such as 
a. sulphides, b. oxides and c. silicates. 

The silver precipitating capacity of the sulphidic minerals was 
investigated in the following way. 

Pure minerals (a few of them synthetic) were used. They were 
powdered and the fractions of the powders which passed a 40 mesh 
screen but were caught on an 80 mesh screen were used. 1,000 or 
0,500 g of this fraction was treated in 50 ml almost saturated silver 
sulphate solution at 130° C for 20, more seldom for 6 or 2, hours. 

The results are reproducible with an accuracy which is sufficient 
for the purpose of this investigation (table 2). 

The silver amounts precipitated are proportional to the used 
weigths of the minerals i. e. with the mineral surface exposed to the 


silver solution (table 3). 
The results are mostly independent of the origin of the mineral 


(table 4). 

The pure sulphides can be arranged according to their capacity 
as silver precipitants in a series (table 5) which is roughly paralel 
to the series in which they can be arranged according to their 
solubility or sulphur ion activity (table on p. 41). This, and also the 
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fact that this property runs paralel with their copper precipitating 
capacity or their ability to reduce trivalent iron or pentavalent arsenic 
in aqueous solutions (table 6), shows that it is chiefly the solubility 
(or, more correctly, the velocity of solution) which determines the 
rate of silver precipitation. — All the sulphides give silver sulphide, 
and some of them give metallic silver as well. In some cases this 
can be easely explained: the dissolved cationes from the sulphides 
are able to reduce silver from its solutions to the metallic state 
(e. g. pyrrhotite, chalcopyrite, stibnite). Formation of metallic silver 
by e. g. galena or bismuthinite must be explained by an oxidation 
of the sulphur ion to the sulphate radical through the silver ion. 
Argentite too-can be oxidized in this way through silver sulphate 
solutions to metallic silver; this seems to indicate that the phenomen 
can be explained by formation of “local elements” on the surface 
of the sulphides. 

Minerals of the arsenopyrite type, arsenides etc. also show 
considerable ability as silver precipitants (table 7). 

A discussion, aided by experiments, (tables 8—15 and fig.s 3—6) 
shows that the relation of the silver amount precipitated (p mg) to 
the time of the experiment (¢ hours) and the initial concentration 
(m, mg per 50 ml) is given by the equation: 


where k is a constant for a certain mineral with a certain surface. 
From the formula it can be deduced that silver precipitation after 
some time (e.g. a year) will be a very slow process even from 
relatively concentrated solutions. Precipitation is not proportional to 
the concentration of the solutions. Even from comparatively diluted 
solutions (1/250-th normal) precipitation is a rapid process. Pyrr- 
hotite differs from the other sulphides investigated: its precipitating 
ability is only to a small degree dependent on the concentration of 
the silver solutions, and does not decrease with the time of heating. 

Addition of copper sulphate to the silver solution has no Significant 
influence on the results (table 16). 

Addition of potassium-antimonyl-tartrate to the silver solutions 
has a somewhat greater, but no very important, influence on the 
precipitating qualities of the sulphides (table 17). It is remarkable 
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that when metallic silver was formed it always exhibited a strong 
semblance to the natural filiform silver. 

The oxides magnetite and ilmenite are rather strong silver pre- 
cipitants (table 18). 

It is doubtful whether the silicates have been able to precipitate 
Silver in any form under the conditions of the formation of the 
deposit. No conclusions can be drawn from the experiments. 

Addition of sulphuric acid to the silver sulphate solutions 
has no great effect on the silver precipitating ability of the sulphidic 
ores (tables 19, 20). A discussion reveals the improbability of alkaline 
extracts of the sulphur from the natural sulphides playing any réle 
in the formation of the deposit (table 21). 

Migration of silver and/or sulphur in the state of colloidal 
solutions of the silver sulphide is not a process likely to occur under 
natural conditions. Sulphidic ores have but an insignificant precipit- 
ating effect on sols of silver sulphide, whereas calcite from the silver 
veins causes the colloid to settle almost immediately. This gives 
conditions exactly opposite to those which are to be supposed if 
migration of such a colloid should explain the distribution of the 
silver according to the “cross rule”. 

The conclusion which can be drawn from the discussion of the 
experiments mentioned is: the deposition of silver at Kongsberg can 
hardly be caused by any direct reaction between the silver containing 
solutions and the sulphur compounds of the fahlbands or with any 
other minerals in the field. 

Ad 2. The theory of electrolytic deposition of the silver seems 
to encounter certain difficulties. The formation of argentite and other 
silver-sulphur compounds can hardly be explained in this way. It also 
seems difficult to account for a reasonable electrical circuit. Finally 
the theory is hardly in accordance with the actual distribution of the 
silver in the veins. 

Experiments were carried out with the purpose of determining 
the effect on the precipitating ability of the ores of the electrolytic 
potentials which exist between two ores in a solution. A mixture 
of 0,5 g of the powders of two sulphides was heated for 6 hours 
in silver sulphate solution to 130° C (tables 22, 23). No important 
change in the precipitated amount of silver could be noted, and the 
products formed were identical with those formed when a single 


sulphide is thus treated. 
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Ad 3. It is obvious that deposition of silver may take place by 
contamination of a silver containing solution with another solution, but 
the peculiar distribution of the silver along the veins can hardly be 
explained in this way. There is a possibility that organic substances 
occurring in the veins have been carried in a solution other than 
the one which brought the silver. Experiments proved that these 
substances have a strong reducing effect on silver solutions. In a 
single experiment, carried out to test the ability of the bitumen to 
reduce the sulphate ion to the sulphide ion, no such effect could 
be detected. 

Ad 4. Deposition of metallic silver resulting from reactions going 
on in the silver-carrying solution itself must be accompanied by an 
oxidation of another compound, or rather element, in the solution. 
Displacement in an ionic equilibrium of the type: 


n Ag? -- Mem raga ices? 


can perhaps explain the process. Such equilibria are possible with 
a series of elements, and are proved to exist in solutions of iron, 
copper, manganese and cobalt; and may or may not exist with arsenic, 
antimony and mercury. All these elements have been present in 
the solutions which have deposited the silver. It is reasonable to 
assume that the magmatic silver containing solutions have been cooled 
as they pass through the fissures, and that the resulting disturbance 
of one or more of the said equilibria has produced a deposition of 
native silver. The ore laminae in the fahlbands may have accelerated 
this cooling of the solutions. As it has been proved that their electric 
conductivity is far greater than that of the surrounding rock, and as 
their chief constituent is pyrrhotite, their thermal conductivity must 
have a comparatively high value. They can therefore have played 
an important rdle as cooling agencies. The result of such a process 
would certainly be a deposition of native silver in the open fissures 
chiefly on the intersections of these with the thin ore fissures. 

The last part of the investigation is a discussion of the forma- 
tion of the wellknown form of native silver called filiform silver 
(hairy silver, silver teeth). It is made probable that filiform silver 
is formed via silver sulphide, and that the ultimate cause of this 
formation is the free mobility of the silver ion in silver sulphide. 
Earlier investigators have imitated the natural filiform silver by heating 
silver sulphides in different forms in various gases to relatively high 
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temperatures (as a rule above 250° C). A discussion shows that the 
natural filiform silver most probably has been formed at consider- 
able lower temperatures through the action of aquous solutions. 

Experiments showed that at 130° C only the solutions of mer- 
cury, trivalent iron and antimony had any perceptible effect on silver 
sulphide. No filiform silver could — for various reasons — be pre- 
pared by the use of solutions containing mercury or trivalent iron. 
Copper sulphate in diluted aquous solution does not react with silver 
sulphide, but as cuprous sulphide is isomorphous with silver sulphide, 
experiments were carried out with solutions containing cuprous ions. 
Beautiful filiform silver, in every respect resembling the natural 
wires, was obtained by the aid of such solutions. 

Further experiments gave the result that whenever metallic silver 
is formed from a solution containing antimony in the presence of 
any sulphide (not necessary silver sulphide) it is filiform. 

The heating of silver sulphide in a silver sulphate solution con- 
taining copper and antimony compounds resulted in the formation 
of filiform silver in large amounts. Here the said oxidation of silver 
sulphide to metallic silver by the silver ions in solution is accelerated 
by the copper ions, and the antimony present causes the silver thus 
formed to appear in wires. As the natural silver solutions have con- 
tained copper and antimony, the experiment imitates natural condi- 
tions, and shows that the formation of the filiform silver can be 
ascribed to the silver solutions themselves, and may have taken place 
immediately after the deposition of the argentite from which the 
natural wires are formed, great changes in the composition of the 
solutions being unneccessary. 


Universitetets kjemiske institutt, avd. A., Oslo, 
mai 1938. 
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NOTISER 


LUFTFOTOGRAMMETRIEN OG DEN GEOLOGISKE 
KARTLEGGING 


MED 1 FIGUR 


Siden Norges geografiske opm4ling i 1936 tok luftfotogrammetrien 
i bruk ved fremstillingen av topografiske kart, har luftkartleggingen slatt 
igjennem pa flere felter her hjemme. Det er blandt annet utfort kart- 
leggingsfotografering over 1000 km? for Roros kobberverk, og 730 km? 
for Lokken verk. Disse billeder er optatt i m&alestokk 1:15000, og 
brukes som grunnlag for geologiske undersokelser, under ledelse av 
henholdsvis professor Thorolf Vogt og dr. C. W. Carstens. 

Widerge’s flyveselskap A/S har i de siste tre ar utfort kartleggings- 
fotograferinger over ca. 13000 km? i malestokker mellem 1:5000 og 
1:40000. Den vesentlige del av dette arbeide er utfort for Norges 
geografiske opmaling. Da dette betydelige billedmateriale ennu ikke er 
kommet til anvendelse innen geologien, mener vi at tiden er inne til a 
diskutere om det ikke bor oprettes et bedre samarbeide mellem geologi 
og fotogrammetri. Norges geografiske opmaling skal innen 1950 utfore 
nyfotograferinger over 18000 km*. Disse felter er vesentlig beliggende i 
Troms, pa Ostlandet og Serlandet. Man skulde tro at geologene vil kunne 
fa stor nytte av det billedmateriale som her efter hvert vil foreligge. 

I utlandet, vesentlig Schweiz og Frankrike, har man i flere ar drevet 
geologisk kartlegging ved hjelp av fotogrammetri. De forsok man der har 
drevet, har fort til en enkel og billig metode, som gir meget noiaktigere 
geologiske kart pa langt kortere tid enn tidligere.' Den mest anvendte 
metode er folgende: Nar et omrade skal kartlegges fotogrammetrisk, optas 
en serie stereoskopiske billedstriper, ved hjelp av et spesielt kartleggings- 
kamera. Fotograferingen utfores i samme hogdeplan, og i rette parallelle 
flyvebaner. Eksponeringen skjer med sa korte mellemrum, at de efter 
hverandre folgende billeder overdekker hinannen med ca. 60 %o av billed- 
flaten. Derved far man sammenhengende stereofelter over hele det 


1 Interesserte henvises til: 
Dr. ROBERT HELBLING: 
1. Die Anwendung der Photogrammetrie bei geologischen Kartierungen. Mit 
einer Ubersichtskarte, 20 Tafeln und 17 Textfiguren. 
2. Zur Tektonik des St. Galler Oberlandes und der Glarneralpen, mit 2 Tafeln 
und 1 Textfigur. 
Beitrige zur geologischen Karte der Schweiz, herausgegeben von der 
~ Geologischen Kommission der Schweizerischen naturforschenden Gesellschaft. 
Neue Folge, Lieferung 76. — In Komission bei A. Francke AG. 1938, Bern. 
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fotograferte omrade, saledes at man i stereoskop kan detaljstudere terrenget, 
som fremtrer i plastisk modell. Ndr fotograferingen er utfort overleveres 
ett sett av kopiene til geologene, som bearbeider billedene i marken, 
og tegner inn sine observasjoner. Det viser sig i praksis at man arbeider 
meget hurtigere og noiaktigere pa billedene enn pa de topografiske kart. 
Dertil har man den fordel at kartleggingsfotografiene gjengir terrenget 
mere objektivt enn de topografiske kart. Man kan saledes pa billedene 
tydelig folge lagene og de forskjellige sprekkedannelser, forkastninger, 
vridninger m. m. Spesielt fremtrer dette tydelig i stereoskopet. Ved a 
kontrollere disse iakttakelser i terrenget, kan man med stor noiaktighet 
legge inn grensen mellem bergartene, jordarter, kulturgrenser 0.1. Pa 
grunnlag av s&adanne billeder, vil man f. eks. aldri risikere 4 trekke 
forbindelseslinjer som skulde forlope rett, mere eller mindre buet, slik 
som man vil kunne gjore det pa et almindelig kart, hvor kanskje 
beliggenheten og formen pa smavatn i adskillig utstrekning kan vere 
krokert inn mere skissemessig. 

Ved hjelp av fotografiene vil man spare sig meget arbeide i terrenget, 
og da serlig i terreng som er sterkt opskaret og vanskelig tilgjengelig. 
I billedene som viser meget bart fjell, vil man kunne se bergartenes 
utbredelse og forlop. Har man f. eks. bergarter som optrer i lysere og 
merkere lag, som star mere eller mindre steilt, vil man uten videre av 
fotografiene kunne ta ut deres forlop i terrenget. Med holdepunkter i 
direkte geologiske iakttakelser, f. eks. efter visse profillinjer, kan man 
under gunstige forhold, pa grunnlag av billedene tegne inn det geologiske 
kartbillede. Der hvor fargene ikke er seerlig variert, men bergartenes 
hardhet er forskjellig, vil man ved et stereoskopisk studium av fotografiene 
kunne inntegne lagenes veksling, som her vil gi sig til kjenne i form 
av rygger eller senkninger i terrenget. Kartleggingsbilleder over nakne 
fjellpartier (se illustrasjonen), vil i det hele kunne fortelle meget om fjell- 
massenes struktur og historie. 

Nar geologene har fullfert sitt arbeide i marken, begynner man 
konstruksjonen av kartene i de fotogrammetriske apparater. Man har 
her den fordel at man kan utfore grunnriss sa vel som opriss, efter som 
det er hensiktsmessig av hensyn til terrengformasjonene. Men dette 
betinger at man foruten vertikalfotografiene ogsa har optatt skrafotografier 
hvor det er behov for det. I konstruksjonsapparatene kan man konstruere 
de topografiske og geologiske kart parallelt. Derved opnér man en meget 
rasjonell arbeidsordning, idet den geologiske situasjon inkonstrueres pa 
et transparentkopi av signaturkartet, efter at den topografiske situasjon 
for hvert billedpar er ferdigtegnet. Nar billedparene forst er satt inn i 
konstruksjonsapparatet og innpasset, er det merarbeidet som trenges 
for konstruksjonen av den geologiske situasjon, minimal. Da vi her 
hjemme er i besittelse av kartleggingskameraer av forskjellige typer, samt 
konstruksjonsapparater med govet betjening, skulde man kunne anta at 
det vilde vere hensiktsmessig om planen for geologiske undersokelser 
efter hvert blev lempet efter de nye metoder, efter som billedmaterialet 
over uutforskede felter bringes til veie. Nar Norges geografiske opmaling 
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Grunnfjellslandskap i Ryfylkeheiane, fot. Widerge’s flyve- 
selskap A/S. Tillatt offentliggjort av Generalstaben den 13. oktober 1938. 
Malestokk 1:50000, optatt fra 4800 m hogd over havet, 
med Weitwinckelkamera f: 10cm. 


nu er gatt over til den fotogrammetriske metode, vil man uten store 
omkostninger kunne disponere billedmaterialet over de omrader hvor 
nykonstruksjon og ajour-foring skal utfores. 

Overgangen til den fotogrammetriske metode vil vesentlig bli et 
spersmal om et organisert samarbeide mellem alle de institusjoner som 
er interessert i billedmaterialet. Vi vil i denne forbindelse nevne at det 
er planer oppe om a sette i gang en gkonomisk kartlegging av landet. 
Dessuten er vei- og vassdragsvesen, forstvesen, kraftforsyningen, Myr- 
selskapet og Ny jord, samt private eiendomsbesittere interessert i billed- 
optakelse over en rekke forskjellige omrader. Det vil derfor vere av 
stor betydning 4 prove a fai stand et samarbeide, saledes at fotograferingen 
kan utfores efter en plan som tilgodeser flest mulig av de interesserte. 
Derved vilde billedmaterialet over de forskjellige omrader tilveiebringes 


med mindre utgifter for de enkelte institusjoner. 
Vilhelm Skappel. 
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NOTE ON LEACHING OF GRANITE 
WITH SPECIAL REFERENCE TO LEAD, RADIUM AND BARIUM 


For an age determination from the radioactive disintergration it is 
a prerequisite that neither addition nor subtraction of elements on which 
the measurements are based, has occurred, viz. lead, radium and uranium. 
Ernst Foyn! has shown that at higher temperature a strong leaching of 
lead from uraninites occurs. 

The following tests have been made in order to gain an impression 
of the possibilities for the leaching of radium and lead from rock with 
destilled water. 

For the test, 125 g granite from Oddersja, near Kristiansand S. was 
crushed so it passed through a sieve no. 60, i. e. the sum of the exposed 
grain surface should be about 150 m? and the majority of the individual 
minerals be free. The rock powder was placed in a funnel with double 
baryte-filter, and overdribbled with destilled water from a copper vessel 
at about 10 drops per minute. This water was in equilibrium with CO, 
of the air, and its pH was 6.5. After 4 liters of water had drained through 
at 20° C, it was brought back and allowed to dribble through once more. 

After the first extraction the water had a pH=7.3, and after the 
second extraction 7.3—7.4. The filtrate which was quite clear was then 
evaporated in a platinum vessel and the residue dried for an hour at 105° C. 
This residue was quite light with very little rust. 

The residue was analysed like common silicate. Lead was deter- 
mined similarly to the method of Hevesy and Hobbie”, but I used 
thorium B as an indicator and not radium D. The common chemical 
components are noted first. 


| Original rock Leached Enrichment 
material factor 
9/0 i) 0 
SiOgseae ae ee TAO 7.35 10.3 
Al; OL aaa te. 13.24 12 9.13 
TiO sash taciercayt 0.81 Not determined 
PerOnnnc cmc. teh Qe 60 
FEO Ree ee 3.00 “ 
MpO pe eter oe 0.58 3:25 562 
CaO neers 1.70 22.10 1300 
IN 29 © ewan eee PROM 6.39 282 
ROW, babes 5 Scale 5.53 19.32 350 
PsO5 2 eee 0.03 Not determined 
Sit ee: Pak 0.05 : 
ae Train aoa ees Not determined 
AG tam nt eae 113 0.91 928 
SOp Cie ee = 0.18 
COy..2 eee = Not determined 


' Ernst Foyn: Uber die Verwitterung von Uranmineralien. Norsk geologisk tids- 


skrift 1938, p. 197. 
2 Hevesy und Hobbie: Zeitschr. Anal. Chemie SB apanle 
* Tested on the same material as used for leaching: BaO = 0.09. 
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The analysis of the original rock (which however was not made on 
the same sample as that used for leaching), was placed at my disposal 
by Prof. Tom. F. W. Barth, the radium determination of the original rock 
was made by dr. C. S. Piggot! and that of the residue by dr. Ernst Foyn. 


Original rock | oe | 
material 
gig gig 
0.566 - 10+12 1.5+10+12 Radium 
2.170:10=5 | 4 -10+5 | Lead 


These analyses differ somewhat, especially as regards the high alkali 
percentage of the leached material, from the values found by E. H. Davison2. 
As Davison, however, has given no analysis of his original rock, which 
may have been quarts-dioritic or granodioritic, nothing more can be said 
about the parallelism. 

As shown by the analyses an enrichment of lead in the extract 
has occured, while radium and uranium do not seem to have been 
noticeably extracted. This is reasonable in as much as uraninites are 
not common minerals on alpine veins. This circumstance would seem 
to imply that an age determination carried out on natural rock material 
(which presumeably has been exposed to weathering agencies) should 
give too low values. At the same time there has evidently been a selective 
extraction of barium from the K-feldspar, suggesting the possibility of 
also extracting radium to a greater extent than has proved to be the 
case with the Oddersja-granite. This must be due to the fact that the 
radium-bearing minerals (chiefly zirkone?) are more difficult to extract 
than the others, and therefor also the lead in the radium-bearing minerals 
is probably not washed out to any great extent. 

That there may be a selective outwashing of the various lead-isotopes 
has already been proved by Ellen Gleditsch and Bergljot Qviller’. 

According to these preliminary analyses it seems that a Pb206/U 
determination directly in rocks should give correct’ results despite a 
possible leaching of lead, but there are many other conditions which may 
be of importance and possibly make the method less valuable. 

I beg to express my thanks to Prof. Ellen Gleditsch, Prof. Tom. 
F. W. Barth and dr. Ernst Foyn for their kind help and advice. 


Oslo, February 25, 1939. 
Ivan Th. Rosengqvist. 


1 C. S. Piggot: Radium in Rocks: V. Am. Jour. Sci. 35 A, 1938, p. 229, _ 
2 BE. H. Davison: The leaching of Granite and some other Rocks. Mineralogical 


Magasine 1938, p. 220. 
3 Philosophical Mag. Ser. 7, Vol. XIV, p. 233. 
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GENERALFORSAMLING OG M@TE TORSDAG 
9) -FEBRUAR® 1939 


Tilstede 25 medlemmer og 7 gjester. 


Innvalg. 


221. Bergingenior O.F.Grarr. Viksnes kopperverk pr. Haugesund. 
Etter forslag av S. Foslie og J. Helverschou. 

222. Ingenior F. P. EGEBERG. Radhusgata 5b. Oslo. 
Etter forslag av S. Foslie og J. Helverschou. 

223. Direktear ANDREAS QuaLe. A/S Sulitjelma gruver. Sulitjelma. 
Etter forslag av S. Foslie og J. Helverschou. 


Det blev lagt fram innbud til , Tagung iiber die Geologie von Grénland“ 
i Naturforschende Gesellschaft Schaffhausen 11. og 12. mars 1939. 


Arsmelding for 1938. 


Siden forrige generalforsamling er utgatt 1 medlem: 
Oscar LarGE, dod 17. april 1938. 
I samme tidsrum er innvalgt 11 nye medlemmer: 

213. BRYNJOLF BRUUN, ingenior. Mineralogisk institut. Blindern pr. Oslo. 
17. mars 1938. 

214. EINAR SVERDRUP, bergingenior. Store norske Spitsbergen kulkompani. 
Tordenskjolds gate 6. Oslo. 7. april 1938. 


215. BROR ASKLUND, statsgeolog. Sveriges geologiska undersokning. 
Stockholm 50. 10. nov. 1938. 


216. F. LANGE, lektor. Ringstabekkveien 102. Stabekk. Berum. 10. nov. 1938. 
217. ASULV L@DDESOL, sekreteer. Det norske myrselskap. Rosenkrantz- 
gata 8. Oslo. 10. nov. 1938. 


218. JOHAN NORMANN, direktor. Bygdoy allé 1. Oslo. 15. des. 1938. 


219. M. A. PEACOCK, professor. Geol. departm. University, Toronto. Canada. 
15. des. 1938. 


220. OLE RONNING, ingenior. Bygdoy allé 1. Oslo. 15. des. 1938. 


221.0. F. Grarr, bergingenior. Viksnes kopperverk pr. Haugesund. 
9. febr. 1939. 
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2 
2 
Dessuten er medlem nr. 82 R. Storen gjeninnvalegt. 
Medlemstallet er nu 130, hvorav 1 
og 73 arsbetalende. 


22. F. P. EGEBERG, ingenior. Radhusgata 5 b. Oslo. 9. febr. 1939. 
23. ANDREAS QUALE, direktor. Sulitjelma gruver. Sulitjelma. 9. febr. 1939. 


gzresmedlem, 56 livsvarige 


Det er holdt 6 ordinzre meter med et samlet frammote av 193. 
Dessuten er det holdt en ekskursjon med 13 deltakere til Grefsen og 
Soerkedalen. Av tidsskriftet er i aret utkommet bd. 17 h. oy 4h lol, i 


h. 1, 2 og 3. Bd. 18 h. 4 og bd. 19 h. 1 er under trykking. 


Regnskap for 1938. 


I. Det ordinegzre budgett. 


Inntekt. 

Detainee verior [4 19ST aces nc gee kee asd ners kr. 
Innkommet medlemskontingent for 1937 .............. é 
Innkommet medlemskontingent for 1938 .............. 45 
Te ey meme SLA t Meee ete oie beni un ict sues + 6 rca Hie s 
PeisROUr Tea OUMCHMNAIOUCCL 0 ese tees one sues case eee A 

Ekstraordinert tilskot fra Nansenfondet til J. K. S. St. Joseph: 
The Pentameracea of the Oslo Region, bd.17h.4..... > 
Overfort fra livsvarige medlemmers fond .............. ' 
PUCnnement or-saiy av tidsskrittet 7... 0s sc ee eee eo zs 
RCILCHRAY 5 DANKINNSKORMOL 9) 95900... 4 sets alse susie ei 2s 
kr. 

Tidsskriftet : pie 

aC Sina foo ie 9 PAN NEG Te ee ne ee eee kr. 

Kans eeie Vey, ING) lt Hath, TESS oom bn one one kr. 185,79 

FASJCCt RG i.) Pin Sra. one, Oats sein al « He ae 5. 800,20 

POIStCetee sub Oe Mind 4s aioe. a aie jap aro wea ldve wisi 4 Sib ae 
PATDeIASelps Oro. OF “SKMIVESAKED oo cic «pious thas eeisie es - 
NIGIeTMOSETePPESEMtAS|ON 05 she. nb sen Sy yee iciwe A e.9 «ose ; 
FeAl be Pae sal ena VelllOSSKIUCls = sinc ikeugstcse te ogera siete « aes p, 
INTEL AN COIS Se ay en Ra re ae ere ee ee 5 
Preusctimedalienue. tit shee suied) «tia wes Ree K Aetna ttre ree - 
Beholdning <overiort 181039" 2.52%. Sage esate tes ses 2 s 


2 969,97 
60,00 
470,00 
400,00 

3 600,00 


1 000,00 
209,07 
764,55 

58,74 


9 532,33 


4 184,44 


2 135,25 
438,32 
408,71 
244,50 

27,00 
BiB. OF 
1 881,04 


9 532,33 
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Il. Livsvarige medlemmers fond. 


Urerlig kapital. 


Overfart’ tral O37 ye oe else ee nena ncn gaan ee Kr, so oe 0O 
Innkommet kontingent fra 7 medlemmer .............. °. 400,00 
kr. 4215,00 

Herav statsobligasjoner kr. 3500,00, i bank kr. 715,00. 

Disponible renter. 

Overfort frac lO32 oc. ak <weaicete ceehe wis ee eite tere teietme eenee kr. 999,95 
Renter: av statsobligasjoneér for? 1933 (Wikies. ees 5 157,50 
Renter ava bankinnskotetonel 93s mes i neene tne eer ene “ 35,61 
kr. . 1 193,06 

Fragar for forvaltning av statsobligasjoner.... kr. 5,00 

Overfert til det ordingeere budgett........... » 209,07 
SSS, 214,07 
kr. 978,99 

Lif, Status ipmar 1939: 

Livsvarige medlemmers fond....... Kapital kr. 4215,00 

Opsparte renter , 978,99 
——_———— kr. 5193,99 
Utestaende: medlemskontingent for 1938.0 2.0... 0a 5 280,00 
Beholdning, ordingrey budgett 922 4. aera eee ee » 1881,04 
kr. 7 355,03 

Regnskapet er revidert av S. Foyn og H. H. Smith. 

I anledning av regnskapet kom det uttalelser fra H. H. Smith, 
R. Falck-Muus, B. Dietrichson, O. Holtedahl, O. A. Broch, K. M. Strom, 


T. Strand og S. Foslie. 
Reuschmedaljen. 


Pa styremote 9. november blev det besluttet 4 tildele dosent Harald 
Bjorlykke Reuschmedaljen for 1939 for hans arbeid: ,The mineral 
paragenesis and classification of the granite pegmatites of Iveland, Setesdal, 


Southern Norway.“ Norsk geol. tidsskr. 14, 1934. 


Til Reuschmedaljekomite for 1939 blev valgt H. Bjorlykke og 


H. Rosendahl. 
Valg av styre for 1939. 


Formanni. siea.eteie eee eee J. Helverschou. 
Sekretar ¢.1datees ca eee eee T. Strand. 
Redakter: 2. ewer ee H. Rosendahl 
Styremediemmer ae eee ae L. Stormer. 

F. Isachsen. 
Varamann,... <1. cys eee C. W. Carstens. 
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Medlemsmote. 
STEINAR FOSLIE: Skorovass kisfelt i Grong. 


Foredragsholderen gav en oversikt over de geologiske resultater som 
var vunnet ved de siste ars undersokelsesarbeid i dette gruvefelt, bl. a. 
ved gjennemgaelse og mikroskopisk undersokelse av borkjerner fra 44 
diamantborhull. Den forholdsvis massive ,gronstein® som omgir feltet 
i vid omkrets viser seg til dels 4 ha meget velbevart mikro-ofitisk primeer- 
struktur, til dels med vakre albittporfyrer, til tross for at den nu befinner 
seg i ren gronsteinfacies med albitt og kloritt som hovedmineraler, og 
med kalken overfort til karbonat eller epidot. Strukturen og den lokale 
tilstedeverelse av rikelig blererum (kvarts- eller epidotfelter) viser at vi 
her har for oss en serie lavabenker, eventuelt med en del mellomliggende 
tuffmateriale. — Kjemisk spenner de over et ganske betydelig felt. 
Hovedmassen er albittdiabaser, sammen med natron-keratofyrer og sogar 
en del kvarts-natron-keratofyrer med henimot 70 % SiO,, altsa en typisk 
spilitisk serie, med nesten totalt fraver av kali (alle < 0,1 % K,O). 
Noen basaltisk karakter viser de ikke. Om nemlig lerjordoverskuddet 
tenkes mettet med kalk far vi fremdeles bare oligoklas som normativ 
feldspat. 

Bergarten i malmens ngzrmeste omgivelser er karakterisert ved 
,shearing” i forbindelse med matasomatose. Ferst forsvinner ofittstruk- 
turen, siden blir kalken etter hvert utlutet, dernest natron. Tilfert blir 
kiselsyre samt mer eller mindre kali, bundet i finskjellet serisitt og 
samtidig dermed over alt en mer eller mindre rikelig svovlkis-impregnasjon. 
Vi far de for feltet karakteristiske ,rustskifre“ i opp til ca. 100 m mektighet. 
Bevarte kvartsfyite blererum viser at disse opprinnelig har vert lavaer, 
eventuelt ogsa en del tuffer. Nu bestar de av kvarts-klorittskifre med 
eller uten serisitt. 

Kisimpregnasjonene oker gradvis til brukbare anrikningsmalmer. 
Videre i fallretningen inn mot fjellet far vi de rike malmer, fremdeles 
pa samme horisont. A domme bare etter borhullene synes ogsa denne 
overgang 4 vere gradvis, men det kan ennu ikke avgjores sikkert. 
Hovedmalmen utgjores av en opp til 40 m mektig malmplate uten serlig 
markert akseretning, i heng og ligg ledsaget av smalere linser og band. 
Det hele stikker inn i fjellet under overliggende massive gronstein, og 
pa grunn: av en slags traugform holder malmen seg noenlunde parallel 
overflaten, i bare 50—100 m dyp. Mineralparagenesen i malmen er 
utpreget lavtemperaturs, med kvarts, kloritt, en del karbonater, talk og 
serisitt. Magnetitt og magnetkis mangler helt Mens Skorovass-malmen 
i sin forste periode fikk ord pa seg for 4 vere en ganske kobber- og 
sinkfattig svovlkismalm med 50% S, har kobber og sink ved de senere 
undersokelser fatt en stadig storre betydning og kan stige til henholdsvis 
4% og 6%, men med ytterst uregelmessige variasjoner, og samtidig 
svinger svovlinnholdet mellom 25 og 51% S. Strukturen er meget 
finkornig, for det meste under 0,1 mm, men med rene, skarpe grenser. 
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En nermere undersokelse viser at overgangen fra denne normale 
malm til den forstnevnte kobberfri er meget rask og faller sammen med 
den skrent hvor det overliggende dekke av massiv gronstein tar slutt. 
Fra denne linje av, hvor rustskifrene gar i dagen, har overflatevannet 
hatt adgang til malmen, som her i hovedsaken ligger over grunnvanns- 
speilet. Forholdet kan ikke skyldes annet enn postglacial utluting, og 1 
en malestokk som langt overtreffer, hvad vi ellers kjenner i vart land. 
Sa vel i rik malm som i impregnasjoner er kobber, sink og karbonater 
sa godt som helt utlutet, og ner det utgaende er ogsa en god del av 
svovlkisens mektighet fjernet sa rustskifrene i hengen av malmen er 
sunket ned etter trappetrinsformede recente forkastninger. Den saledes 
utlutede kis har en viss porgsitet, og ruster ikke. Utbrutt har den holdt 
seg blank ute i dagen i 25 ar. 

Ca. 1 km fra gruvefeltet og 150 m lavere er der en 30 m dyp sjg, 
kalt ,Det dode hav“. Her finner vi en stor del av det utloste jern 
magasinert som et opp til 8 m mektig lag av jernhydroksyd, som med 
skarp grense ligger over bunnens glacial-leir. Mengden overstiger antakelig 
1 mill. tonn, med 25—35% Fe. Jernet er apenbart tilfert som sulfat, 
utfelt som 3-verdig hydroksyd, og senere mer eller mindre redusert, idet 
den frisk optatt utgjar en plastisk, sort masse som ferst etter torring far 
den brune oker-farge. Den vil bli neermere undersokt med henblikk pa 
anvendelse som gasrensemasse. 

Som det fremgar av ovenstaende, har metasomatose spilt en frem- 
tredende rolle ved malmens dannelse og de omgivende bergarters ut- 
forming. For ovrig vil de genetiske spersmal forst bli neermere behandlet 
nar den primezre malm er nadd ved oppfaringen. 


I ordskiftet etter foredraget deltok J. Helverschou, H. H. Smith, 
C. Bugge og foredragsholderen. 


Trykt 29. april 1939. 


BRACHIOPODEN UND OSTRAKODEN 
AUS DEM EXPANSUSSCHIEFER 
NORWEGENS 


VON 
A. OPIK (Tartu, Estland). 


Mit 6 Tafeln und 2 Figuren im Text 
und einem Nachtrag. 


Zusammenfassung. Es werden als neu eine Billingsellidengattung 
(Ranorthis norvegica n. gen. n. sp.) und zwei Estlandiidengattungen (Oslogonites 
und Anchigonites, mit je zwei Arten) beschrieben; aufserdem einige neue Orthis 
und /ngria-Arten und eine neue /nversella. Diese Brachiopoden entsprechen dem 
allgemeinen Charakter der Fauna der nordeuropdischen expansus-Schichten. 

Von frither bekannten Arten wird besonders Paurorthis parva (Pander) unter- 
sucht und dessen ventrales Gefafinetz als polypalmat erkannt und restauriert. Von 
den drei beschriebenen Ostrakoden wird als stratigraphisch wichtig das Vorkommen 
von Tetradella grewingki (Bock) in Norwegen angegeben. 


Die hier beschriebenen Brachiopoden und Ostrakoden gehoren 
alle dem Expansusschiefer (3c) zu. Nur eine Art, Conchoprimitia 
bréggeri, stammt aus dem oberen Orthocerenkalk (3 c y) von Slemme- 
stad und wird hier des Vergleiches wegen mit der Art socialis 
beschrieben. 

In der Brachiopodenfauna des Expansusschiefers ist ein grofer 
Unterschied zwischen Krekling und Hedenstad zu beobachten, wie 
es in der nachstehenden Tabelle zum Vorschein kommt. Es ist zu 
vermuten, daf§ hier ein gewisser Altersunterschied verborgen ist, 
weshalb noch weitere Studien, insbesondere im Felde, notwendig 
erschienen. 

Ungewohnlich ergiebig miissen die Aufschliisse des Expansus- 
schiefers von Hedenstad sein. Es soll hier kiinftig nach altertiim- 
lichen Strophomenacea (Ingria, Inversella, Ukoa) gesucht werden, 
da die von hier stammenden Steinkerne und Abdriicke einen be- 
sonders giinstigen Einblick in die Organisation dieser Gruppe erstatten. 

Die Gleichaltrigkeit des norwegischen Expansuschiefers mit dem 
ostbaltischen Expansuskalk ist nicht zu bezweifeln. Obwohl es scheint, 


daf die beiden nur wenige gleiche Brachiopodenarten bergen, so 


Norsk geol. tidsskr. 19. 8 
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ist dies z. T. dadurch verursacht, dafS der baltische Expansuskalk 
faunistisch noch nicht gentigend erforscht ist. 

Unter den Ostrakoden sei das Auffinden der Tetradella grewingki 
in Norwegen hervorgehoben. 


Lokalitaten 
Arten 


Vest- 
fossen 


Krekling 


Ranorthis Morvegica N.S.) Species 
Orthis kreklingzensis Masa. ote eae sae 
OrthissnOvitaS Naspe a eee eit 
Orthis sp. aff. calligramma Dalm....... 
Productorthis cf. eminens (Pander)..... 
Panronhis parva (Pander) pect. = aire 
Paurorthis parva simplex n. subsp..... 
Paurorthis n. sp. (sine nomine)........ 
Inversellas perundosa Ns Spy easel 
ISRIG VOMed anit NaSpa etait 
[iBraaSple: Nass oi ae eects aa ee 
ingria occidentalis 1. Spi. yee 
Rafinesquina (P) sp. (Holtedahl) ....... 
Apomatellaxsecunday naspaeoe eee 
Apomatella ingrica (Pahlen) .......... 
Clitambonites norvegicus (Brogger) .... 
Clitambonites cf. norvegicus (Br.) ..... 
LaAGOGICHAtSpwrrm ase tee ee 
Oslogonites costellatus n.gn.n.sp..... 
Oslogonites orthoides n. sp. .......... - < 
Oslovonites Pash ae ee eee eee 
Antigonambonites planus (Pander)..... 
Antigonambonites cf. soror (A. O.)..... 
Anchigonites conulus n.gn.n.sp. ..... 
AlLChigOnitessHeinizt iS pens marie 
Tetradella grewingki (Bock) .......... 
Conchoprimita socialis (Brégger) 
Conchoprimita bréggeri n. sp 


or 


xX X 
x 


Xx XXX Xs 


Es kommen noch hinzu aus dem Expansusschiefer von Krekling 
Porambonites sp., (Syntrophia?) die Graptolithen Dictyonema sp. und 
Tetragraptus serra und ein Bryozoon, entweder Dianulitis sp. oder 
Diplotrypa sp., das aber wegen der schlechten Erhaltung nicht naher 
zu bestimmen ist. Die iibrige Fauna, insbesondere die Trilobiten, 
sind durch Brogger (13) bekannt geworden. 

Das Material zur vorliegenden Abhandlung wurde z. T. vom Ver- 
fasser selbst bei Krekling im Sommer 1932 sozusagen ,,auf der Strafve“ 
gesammelt. Es sind dort alte, verwaldete Steinbriiche mit viel Schutt, 
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wo die Fossilien mit der Zeit zu Hohlrdumen und Steinkernen ver- 
witterten und so zum eingehenden Studium geeignet wurden. Dieser 
kostbare Schutt, besonders mit Ranorthis norvegica, wurde zuerst 
vom Verfasser als StraBenschotter beobachtet. Auf alter Spur eines 
Schotterwagens gelang es zu den verborgenen alten Briichen und 
vermosten Halden zu kommen. Die Lokalitét ist bei A. Opik (1), 
S. 114, Fig. 2 abgebildet. Sie befindet sich im Walde oben, auf der 
rechten Halfte des Bildes. Nachher erhielt der Verf. erginzendes 
Material aus dem Museum zu Oslo. Herrn Konservator Dr. A. Heintz 
und der Direktion des Museums wird hier der herzlichste Dank fiir 
die Zustellung des Materials ausgesprochen. 

Die Originale zur Vorliegenden Arbeit, auch die vom Verfasser 
bei Krekling gesammelten, werden im Museum zu Oslo aufbewahrt. 


Protremata Orthoidea Schuchert & Cooper. 
SUPERFAM. ORTHACEA SCHUCHERT 
Fam. Billingsellidae Schuchert. 


1. Ranorthis norvegica n. gen. n. sp. 
Taf: Il, Fig. 1) (pars)> Fig.2—9; Taf. VI, Fig. 2. 


Ranorthis betrachten wir als eine Gattung der Fam. Billingsellidae 
Schuchert der Superfam. Orthacea. 

Zu Orthacea muB die neue Gattung gerechnet werden, weil sie 
beim orthoiden (resp. ,leptelloidem“) Habitus eine unpunktierte, 
glatte Schalenstruktur besitzt (Unterschied von den punktierten 
Dalmanellacea). 

Als Kennzeichen der Billingsellidae erscheinen bei Ranorthis 
die stark divergierenden ventralen vascula media und die voneinander 
klar getrennten SchlieB- und Offnermuskelnarben der Ventralschale 
[Vergl. Schuchert & Cooper (2), S. 48]. 

Wie bei den Eoorthidae fehlt derjRanorthis das Deltidium und 
das Chilidium. Dieses fehlen der VerschlufSplatten ist nun der einzige 
klar faBbare Unterschied dieser Familie von den Billingsellidae, 
weshalb von einer allzuscharfen Trennung dieser beiden Gruppen 
voneinander keine Rede sein kann. Man kann aber eine Unterfamilie 
der Eoorthinae Walcott taxonomisch als ein Gleid der Billingsellidae 
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aufrecht erhalten und als der Unterfamilie der Billingsellinae gleich- 
wertig ansehen. (Vergl. E. V. Ulrich und G. A. Cooper (20), S. 620.) 
Demnach gehort auch die Ranorthis in die Eoorthinae hinein. 

Diagnose: Ranorthis ist eine Gattung der Orthacea mit diver- 
gierenden ventralen vascula myaria (Billingsellidenmerkmal), ohne 
Deltidial- und Chilidialplatten (Merkmal der Eoorthinae), wobei als 
Gattungsmerkmal der ,leptelloide“ Habitus anzusehen ist. Im Quer- 
schnitt, nahmlich (Taf. II, Fig. 2) ist die ventrale Schale glocken- 
formig, wahrend der Nabel stark eingekriimmt erscheint. Die Dorsal- 
klappe ist flach, mit tiefem medianen sulcus, welchem innerlich ein 
langes, kraftiges Septum entspricht. 

Bei den iibrigen Eoorthinae der Habitus ist mehr orthoid, die 
Wolbung bikonvex; bei der ebenfalls orthoid gebauten Bohemiella 
romingeri (Barrande) soll die dorsale Klappe sogar flach oder konkav(?) 
sein (Vergl. Schuchert & Cooper (2), S. 52). Bohemiella romingeri hat 
aber eine héhere und grodfere ventrale Area, eine gleichmafigere 
Wolbung der Ventralklappe und keinen so ausgesprochenen dorsalen 
Sinus. (Vergl. Walcott (3), Pl. XL, Fig. 2—2d.) Immerhin, Ranorthis 
und Bohemiella sind miteinander recht nahe verwandt, obwohl sie 
zeitlich weit voneinander entfernt erscheinen. Es klafft dazwischen 
die Zeitspanne des Oberkambriums und des Tremadoc. 

Genotyp ist die einzige Art R. norvegica. Das typische 
Exemplar (Holotyp: Pal. Mus. Oslo N. 61089) ist die Ventralschale 
Taf. II, Fig. 1, 7—8. Sie ist 5,5 mm breit (am Schlofrande), 5,5 mm 
lang und ca. 2.4 mm hoch (grote Woélbung im vorderen Drittel). 

Die Klappe hat spitzwinkelige Areaecken und einen gerundeten 
dreiseitigen Umrif’. Die Muskelnarben sind kurz (ca. !/4 der Schalen- 
lange) und voneinander gut getrennt und deutlich umrandet, was 
besonders beim Exemplar Taf. II, Fig. 6 zu sehen ist. Im Langsprofil 
(Taf. II, Fig. 8) ergibt sich eine Schalenverdickung dicht vor den 
Muskelnarben, welche auch im Diinnschliff Taf. II, Fig. 2 getroffen 
wurde. Die vascula media divergieren stark und, gleichwie deren 
Vortsetzung — die vascula arcuata, scheinen sie eine jede doppelt 
zu sein. Machtig ist das Gefafnetz bei der gerontischen Klappe 
Taf. III, Fig. 3 entwickelt. 

Der Bau der dorsalen Klappe ergibt sich aus Taf. II, Pigag 
und 3. Hier sind die Muskelnarben lang (fast die Halfte der Schalen- 
lange), das GefaBnetz ist ausgesprochen polypalmat, es fehlen jegliche 
Spuren von vascula arcuata. Der Schloffortsatz ist eine unterhdhlte 


kurze Platte; die Armtrager sind klein, konisch und stumpf. Die 
kleinen Zahngruben werden von je einer fulkralplattenartigen Er- 
hohung umgeben. Dem tiefen medianen Sinus entsprechend ist auch 
der Schalenrand vorne aufgeworfen. Die mafig hohe dorsale Schwelle 
ist mit einer feinen Rinne zum Einfassen des Randes der Ventral- 
schale versehen. Letzteres ist Taf. II, Fig. 2 sichtbar. Die Schalen- 
skulptur besteht aus dachartigen Faltenrippen, welche sich zum 
Vorderrande hin durch abspalten vermehren. Bei der Dorsalschale 
Taf. II, Fig. 5 zahlt man am Rande zusammen mehr als 50 Rippen; 
es kommen dabei ca. 6 Hauptrippen auf 2 mm des Schalenrandes, 
wobei zwischen jeder Hauptrippe | bis 4 feinerer Spaltrippen zu 
liegen kommen. 

Ranorthis norvegica ist ein haufiges Fossil des expansus- 
,ochiefers“ und bildet oft ansehnliche Anhaufungen in diesem (Taf. VI, 
Fig. 2). 

Vorkommen: hdufig im norwegischen Expansusschiefer. 

Vergl. , Nachtrag, 1.“ S. 142. 


Fam. Orthidae Woodward. 


2. Orthis kreklingensis n. sp. 
Taf. I, Fig. 1—5. Taf. II, Fig. 1. 


Es liegt uns eine Orthis-Art vor, welche durch ihre Rippenzahl 
(ca. 20) und durch die relativ kraftige Ausbildung der feinen Langs- 
streifung charakterisiert werden kann. Es ware sehr verlockend dem 
Problem durch Anwendung der Namen ,calligramma‘ und ,,callactis“ 
eine scheinbare Lésung zu geben. Doch sind hier diese beiden Arten 
sicherlich auszuschlieBen, weil calligramma (Dalman (4), S. 114) 
32 Rippen, callactis, dagegen, ihrer nur 14—16 (ebenda, S. 112) 
und auferdem eine flache Dorsalschale besitzt. Uns liegen aber 
Formen vor mit 20, resp. 22 Rippen und gewdlbter Dorsalschale. 

Der Rippenzahl nach kommen hier also nur die folgenden, von 
Pander (5) beschriebenen Arten in Betracht: Orthambonites trans- 
versa, tetragona, rotundata und plana. Nach Pander soll plana 
eine flache dorsale Schale haben, doch, die Abbildung bei Pander 
((5), Taf. XXII, Fig. 8) betrachtend, scheint hier eine Deformation 
vorzuliegen. Ferner, O. semicircularis Pander hat 24 Rippen und 
eine flache Dorsalklappe, ist also auch eine andere Art. 
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Ahnliche Formen werden auch bei Verneuil (6) beschrieben, 
doch leider unter dem Sammelnamen calligramma. 

Es steht uns also die Wahl, eine der drei Pander’schen Namen 
(transversa, tetragona oder rotundata) hier anzuwenden, welche aber 
hodchstens nur zwei Arten darstellen. Es scheint uns, dafS sie trans- 
versa (20 Rippen) und rotundata (22 Rippen) einer und derselben 
Art angehoren, wobei das bei Pander abgebildete rotundata-Exemplar 
zwei Zuwachslamellen aufweist. Bei-tetragona finden wir, dagegen, 
zwei Merkmale, welche eine Trennung von anderen Arten Pander’s 
((5), Taf. XXII) berechtigen: es sind dies die gleichmaBige Wolbung 
ihrer Ventralschale (Pander, Taf. XXII, Fig. 3d) und der tetragonale 
UmrifS der tetragona. Die transversa resp. rotundata haben die 
héchste Wolbung hinten und der Umrif} ist abgerundet. 

Die norwegischen Formen der W6lbung nach stehen der tetragona 
nahe, der Umrifi, dagegen, ist rotundata-artig abgerundet. Ferner, 
Vergleichsmaterial aus dem Unterordovizium RufS$lands (Pavlovsk) 
belehrt, dafS bei den Arten der transversa—rotundata-Gruppe die 
feine Langsstreifung auch auf die Rippen verbreitet ist, wahrend an 
unseren norwegischen Orthis-Klappen die Rippen selber glatt sind, 
die Zwischenréume aber gestreift erscheinen. Es kann dabei kaum 
mit einer Abnutzung der Rippenkémme und einem Verlust der Streifung 
gerechnet werden, weil hier natiirliche Gesteinsabdriicke der Schalen- 
oberflache vorliegen. Diese sind auch von anderen Brachiopoden 
aus denselben Schichten bekannt (/ngria, Gonamboniten etc.) und 
zeigen die feinsten Einzelheiten der Skulptur. 

Diagnose der Orthis kreklingensis n. sp.: eine Orthis (s.str.) 
mit 20—22 einfachen glatten Rippen, feingestreiften Zwischenrdumen, 
rundlichen Umrifi, bikonvexer Wolbung, wobei die gréBte Wélbung 
der Ventralschale in der Mitte liegt. 

Holotyp ist die Dorsalklappe Taf. I, Fig. 1—2 (Pal. Mus. Oslo 
N. 61090). Erhalten ist der Abdruck der AuSen- und der Innen- 
flache. Es ist 10 mm lang, 14 mm breit, bei einem 12 mm breiten 
SchloBrande und einer Wélbung von 2 mm. Die abgerundeten Rippen 
sind einfach, Rippenzahl = 20, wobei die Rippen ebenso breit sind 
wie die Zwischenraume. In jedem Zwischenraum verlaufen 2 bis 4 
feine, aber scharfe, ungleich starke Langsstreifen. Das Mittelseptum ist 
breit und flach. Die Muskelnarben sind flach vertieft, die Brachiophoren 
tragen hinten eine Langsrinne; die Zahngruben sind flach und durch 
einen feinen, fulkralplattenartigen Rand umgeben. Die niedrige Area 
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ist um 45° zur Ebene des Schalenrandes anaklin geneigt. Die zweite 
Dorsalschale (Taf. II, Fig. 1, pars, und Taf. I, Fig. 3) zeigt gut den 
Charakter der feinen Streifung der Zwischenrfume. Es ist hier der 
mittlere Streifen stérker als dessen Nebenstreifen ausgebildet. 
Die Ventralschale Taf. I, Fig.4 und 5 (ein Steinkern) ist 7 mm lang 
und 8 mm breit, bei einer SchloBrandbreite von etwas iiber 6 mm. 
Man zahlt hier ca. 22 Rippen; die gréfte Wolbung liegt in der Mitte; 
das ovale, schwach umrandete Muskelnarbenfeld ist so lang, wie ein 
Drittel der Schalenlange. 
Vorkommen: Expansusschiefer von Krekling. 


3. Orthis novitas n. sp. 
Taf, V, Fig. 5. 


Es ist eine Orthis-Art mit wenigen Schaltrippen im Mittelsektor. 

Holotyp ist die abgebildete Dorsalschale mit Resten der ven- 
tralen Interarea-Region, als Gesteinsabdruck erhalten (Pal. Mus. Oslo 
Nr. 2338) Loc.: Rokstadasen, Hedenstad, Koll. P. Auerdahl. 

Die Brachialschale ist 14 mm lang und 18 mm breit, bei einem 
12 mm breiten Schloff$rande. Die W6lbung war flach konvex, die Schale 
ist aber im gegebenen Fall zerdriickt. Rippenzahl am Rande = 26, 
davon viel kiirzere Schaltrippen. Die Skulptur besteht aus feiner 
Langsstreifung (auch auf den Rippen, wie bei calligramma) und 
deutlicher feiner Querriefung. 

Von allen bekannten Orthis-Arten unterscheidet sich diese durch 
die Schaltrippen. Es scheint eine seltene Art zu sein. 

Vorkommen: Expansusschiefer von Hedenstad. 


4. Orthis sp. aff. calligramma. 
Textabb. 1. 


Es liegt uns vor nur der Innenabdruck einer einzigen, der ab- 
gebildeten, Brachialschale. Es gehért zur calligramma- resp. callactis- 
Gruppe, unterscheidet sich aber dabei durch die besonders grofen 
Armtrager. Die Muskelnarben sind relativ deutlich, die hinteren 
erscheinen dabei zweilappig. Rippenzahl = ca. 27. Die Schale ist 
10 mm lang, 11 mm breit und hat einen 8 mm breiten Schlofsrand. 

Vorkommen: ein Exemplar aus dem Expansusschiefer von 


Hedenstad. 


124 A. OPIK 


5. Productorthis cf. eminens (Pander). 
Tak le bigeG: 


Es liegt uns vor-der Aufftenabdruck einer einzigen ganzen Schale, 
welche zu Productorthis Koztowski (7) gerechnet werden kann. Unter 
allen von Pander beschriebenen Arten, auch unter den von Koztowski 
revidierten, hat nur die Art eminens Pander einen derartig stark 
ausgebildeten und eingekriimmten Schnabel der Ventralschale, wie 
es hier vorhanden ist. Auch stimmen zu eminens die zahlreichen 
Atrypa-artigen Zuwachslamellen. Nur sind die welligen Langsrippen 
hier grdéber, als es fiir eminens angegeben wird. Es sind hier 
ca. 25 Rippen’am Schalenrande zu zdhlen, was schon an die Art 
obtusa erinnert, Breite des Schlofirandes 7 mm; grote Breite in 
der Schalenmitte 8 mm; Lange der Dorsalklappe 6 mm; Lange der 
ventralen 7,5 mm. 

Vorkommen: Ein Exemplar aus dem Expansusschiefer von 
Krekling. Megalaspiskalk und Expansuskalk Ostbaltikums. 


SUPERFAM. DALMANELLACEA SCHUCHERT & COOPER 
Fam. Paurorthidae A. O. 


Paurorthis parva (Pander). 
Tatil) Figs S—9- Textabbua) Pats Vilgericwo: 


Schuchert & Cooper (2); A. Opik (8). 

Es ist eine sehr gut bekannte und haufig vorkommende Art. An 
den hervorragend erhaltenen Steinkernen kann auch das Gefafnetz 
Studiert und restauriert werden. Die Schalenstruktur ist punktiert, 
was in Schliffen und an Steinkernen norwegischen Materials nach- 
geprift werden konnte. 

Das dorsale Gefafinetz (Vergl. A. O. (9)) ist polypalmat, was 
besonders Schuchert & Cooper, Taf. III, Fig. 7 und A. O. (8) Taf. IV, 
Fig. | a zu sehen ist. Die GefaSabdriicke durchstrahlen die Innen- 
flache nach demselben Prinzip, wie es bei Orthis (A. O. (9), Fig. 16), 
Clitambonites (ibid., Fig. 8) und bei vielen anderen Protremata und 
Telotremata geschieht. Dabei gibt es aber bei Paurorthis Einzelheiten 
des dorsalen Systems der Mantelgefasse, welche fiir das Genus 
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Abb. 1. Orthis sp., aff. calli- 

gramma aus dem expansus-- 

Schiefer von Hedenstad. = 5 

der nat. Grdfe. Koll. T. Strand. 
Nr. 2346, Mus. Oslo. 


charakteristisch sind. Dies sind die zwei Paar breiten Spuren der 
vascula myaria (A. Cs Shel afl Vi Fig. 1 a, ,v“), welche deutlich 
als die vascula cruralia und vascula media ausgebildet erscheinen. 
Am jungen Exemplar Taf. I, Fig. 9 ist, allerdings, das Innenrelief 
der Schale schwach, wobei nur die radialen Porenreihen den Verlauf 
aller Gefasse angeben. 

Das ventrale GefaBnetz in den Hauptztigen konnte schon aus 
den Abbildungen bei Schuchert & Cooper ((2), Taf. III, Fig. 5 und 6) 
und A. O. ((8), Taf. III, Fig. 5 und 6) und A. O. ((8), Taf. III, Fig. 2 b) 
ermittelt werden. Die charakteristischen intervascularen Leisten, welche 
diagonal zur Mittellinie laufen, sind ja haufig bei den Ventralschalen 
der P. parva zu beobachten. 

Das Exemplar Taf. VI, Fig. 6 entspricht nun der kraftigen Aus- 
bildung der vascula media nach dem genannten Stiick bei Schuchert & 
Cooper. Doch bei dieser einseitigen Ausbildung bleibt der Verband 
mit dem randlichen Gefaéfsystem unklar. Das ventrale Mantelsystem, 
besonders dessen randliche Verzweigung, kann aber nun recht genau 
am Steinkern Taf. I, Fig. 8 studiert werden. Die vascula media 
sind hier orthoid ausgebildet, die vascula arcuata sind, dagegen, nur 
durch nach links und rechts ablaufende Zweige der medianen Gefasse 
vertreten. Auf erdem sind sie mit den Gefassen der Seitenlappen 
des Mantels verbunden, was bei echten vascula arcuata der Orthiden 
nicht der Fall ist. Somit bilden die Gefasse der Mantellappen je ein 
geschlossenes System, wobei die Gefasse der Seitenfelder in diese 
vom Rande aus hinein strahlen. Dadurch werden auch die charak- 
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Abb. 2. Das ventrale System der Mantel- 
gefasse von Paurorthis parva, nach dem 
Steinkern Taf. I, Fig. 8 rekonstruiert. S — 
Medianseptum, als intervasculares Septum 
ausgebildet; vm — vascula media; ac — 
distale Zweige der vascula media, welche 
ein Analogon zu den vascula arcuata der 
Orthacea darstellen. Echte vascula arcuata 
(vergl. z. B. A. O. (9), Fig. 17 (Dolerorthis)) 


sind hier nicht ausgebildet; i — inter- 
vasculare Raume (Septen) der Seitenfelder; 
m — Muskelnarben. 


teristischen intervascularen Leisten der ventralen Schale von P. parva 
erzeugt. 

Bei Orthiden (Beispiel: Dolerorthis in A. O. (9), S. 56) dagegen, 
strahlen diese Gefasse der Seitenlappen, welche in der Literatur als 
Ovarien bezeichnet werden, aus der Gegend der Schlofizéhne und 
der Muskeln, also vom Zentrum aus zur Peripherie hin. Diese 
,Ovarien“ der Orthiden sind der Rest des ursprtinglich polypalmaten 
Gefaf{netzes (nodus lateralis und vascula myaria in A. O. (9), Fig. 20, 
S. 60 bei Orthis kukersiana), dessen Seitenteile durch die vascula 
arcuata vom Rande verdrangt werden. 

Bei Paurorthis fehlt aber der nodus lateralis, es sind also, 
offenbar, die vascula myaria hier garnicht vorhanden, wahrend der 
ihnen bei Orthis zukommende Raum durch Verzweigungen der 
eigentlichen vascula media ausgefiillt wird. 

Zwei Deutungsmoglichkeiten stehen hier offen: entweder 1) Paur- 
orthis besitzt ein eigenartig spezialisiertes, reduziertes System der 
ventralen Gefasse, wobei die Entwicklung durch ein Orthis-Stadium 
(durch vascula arcuata umschlossene v. myaria) durchlaufen mufte, 
oder 2) Paurorthis besitzt ein primitives ventrales System, welches 
nur aus den vascula media und deren Verzweigungen besteht und 
gewissermafen Gegenstiicke unter den schloflosen Brachiopoden 
(z. B. Acrotreta) hat. Die beiden ventralen Mantellappen der Paur- 
orthis sind untereinander nicht ganz symmetrisch. Besonders ungleich 
erscheinen die beiden vorderen Apophysen der vascusa myaria, wobei 
jene des linken Lappens (im Bilde rechts) mehr verzweigt sind, als 
des rechten. Fast genau dieselben Verhiltnisse trifft man bei Orthiden, 


wie es z. B. bei der obengenannten Dolerorthis osiliensis ((9), Text- 
abb. 17) der Fall ist. 
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Nun ist Paurorthis parva vorlaufig die einzige Dalmanellacee, 
bei welcher das GefafSnetz so genau bekannt geworden ist. Hoffentlich 
wird dies auch bei jiingeren Dalmanellen gelingen, wodurch ein Mittel 
mehr geschaffen wird in den phylogenetischen Fragen Licht und 
Ordnung zu schaffen. Vorlaufig scheint es, dafS die Dalmanellen 
(richtiger gesagt, wenigstens die Ahnen der Paurorthis) im Kambrium 
sich vom Hauptstock der Orthacea abzweigen, doch sind diese Stamm- 
formen noch vollkommen unbekannt. Ein Grund dieser Unsicherheit 
ist wohl darin zu suchen, daf’ wegen allzuhdufig vorkommender 
Umkristallisierung der Schalensubstanz die Schalenstruktur der kam- 
brischen Protremata meist nicht mit Sicherheit festzustellen ist. 

Vorkommen: Expansusschiefer von Krekling, haufig. Megal- 
aspiskalk und Expansuskalk Ostbaltikums. 

Die Erhaltung der GefaéBabdrticke ist auch bei Paurorthis eine 
Ausnahme. Bei der hochgerontischen Schale Taf. I, Fig. 1!1—12 ist 
von diesen keine Spur vorhanden. Es ist tibrigens eine Varietat 
der Hauptform, welche wir mit dem folgenden Namen bezeichnen: 


7. Paurorthis parva simplex nov. var. 
Taf. I, Fig, 11—12. 


Durch ihre einfache Rippen unterscheidet sich diese Form von 
der fascicostellaten Hauptform. Auch scheint die W6lbung der Ventral- 
schale kraftiger als bei parva parva gewesen zu sein. Holotyp Pal. 
Mus. Oslo. Nr. 61091. 

Vorkommen: Expansusschiefer von Krekling. 


8. Paurorthis n. sp. (sine nomine). 
Taf. I, Fig. 10. 


Die Unterschiede von P. parva sind: 1) der trapezoidale Umrifi, 
2) etwas kleinere Muskelnarben der Dorsalschale, 3) abweichender 
Ankerbau (der Anker ist gréfer), 4) die kleineren Zahngruben, 
5) die starkeren und kiirzeren, ungebogenen Armtrager, 6) das 
kiirzere und miachtigere Septum. Die Skulptur und die ventrale 
Klappe sind unbekannt. 

Vorkommen: Expansusschiefer von Krekling. 
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Protremata Strophomenoidea. 


Fam. Plectambonitidae Koztowski. 


Subfam. Ahtie//inae A. O. 


9. Inversella perundosa nov. sp. 
TENG Wi, Joleen Os 


Eine Inversella mit halbkreisformiger Scheibe (also die Breite 
am SchloBrande betragt die doppelte Lange der Scheibe), neun 
Runzeln, und 25 Langsstreifen auf 5 mm am Rande der Scheibe. 

Holotyp ist das abgebildete Stiick, der Abdruck der AufSenseite 
einer Dorsalschale aus Rokstadasen, Hedenstad. Koll. Auerdahl. 
(Pale Mus. Oslo, Nr. 23322) 

Die Breite des SchloBrandes betragt 29 mm, die Lange der 
Scheibe 14mm. Das Knie ist durch eine erhabene Falte markiert 
und erscheint daher scharf ausgepragt. Der Kniewinkel ist nicht zu 
messen, da das Stiick etwas zerdriickt ist. Die Schalenecken sind 
etwas zugespitzt gewesen (Verlauf der Runzeln); die Runzeln anastomo- 
sieren in der Mittellinie; die Mittellinie selbst wird durch eine einzige, 
kraftige Langsrippe markiert. Die Scheibe ist flach. 

Von den beiden andern bekannten Arten der Jnversella (A. O. 
(10), (11)) unterscheidet sich die neue durch ihre relativ kurze Scheibe 
und zahlreiche Runzeln. Au®erdem, /nversella borealis Opik ((11), 
S. 23) hat ein mehr abgerundetes Knie. In dieser Hinsicht steht 
I. perundosa naher zu Inversella angulata O., wo das Knie gut 
markiert erscheint, wo aber die Runzeln weniger zahlreich und mehr 
undeutlich erscheinen und wo die Scheibe relativ langer ist. 

Vorkommen: Rokstadasen, Hedenstad, expansus-Schiefer. 

Vergl. Nachtrag S. 142. 


Subfam. Plectambonitinae O. T. Jones. 
10. Ingria holtedahli nov. sp. 
Taf. IV, Fig. 3, Fig. 5—9. 


Es ist eine /ngria mit wenigen Hauptrippen, spitzwinkeligen 
Fliigeln und mit einer kurzen, fast um 90° herabgebogenen Schleppe. 

Holotyp ist das Exemplar Taf. IV, Fig. 3 (Pal. Mus. Oslo 
Nr. 61092). Es ist 11 mm _ breit und 5mm lang (bis zum Knie), 
ca.6 Hauptrippen kénnen auf der Scheibe unterschieden werden 
Es ist die Auf enseite einer Ventralschale. 
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Der Innenbau und die Skulptur wird durch Taf. IV, Fig. 5—9 
illustriert. 

Die Stiicke Fig. 5 und 6 gehdren einer und derselben Dorsal- 
schale. Wir nehmen an, daf diese und die Ventralschale Fig. 7 (ebenda) 
einem und demselben Exemplare angehéren, — wegen iibereinstim- 
mender GrdfSe und der benachbarten Lage im Gestein. 

Es scheinen hier 7 Hauptrippen gewesen zu sein. Die feine 
Querriefung ist gut erhalten. Man zahlt ca. 15—17 Querreihen auf 
einem mm. Der dorsale Innenbau zeigt ein doppeltes Mittelseptum, 
zwei Paar seitlicher intervascularer Septen, von denen die duferen 
geknickt erscheinen; ferner, undeutliche, glatte Muskelnarbenfelder. 
Der Schlofrand ist gezahnelt, das Chilidium scheint vorne unter- 
brochen gewesen zu sein. Die Scheibe wird innerlich durch eine 
wohlentwickelte Schwelle begrenzt, welche durch zahlreiche Gefaf- 
rillen unterbrochen wird. Im Innenbau der Ventralschale ist das 
schwache Relief auffallend. Die Zahnstiitzen erscheinen kurz; die 
SchliefSmuskelsehneninsertion kann nicht unterschieden werden; die 
Offnernarben sind kaum angedeutet; eine ,x“-Platte fehlt. 

Ingria holtedahli steht der I. nefedyevi (Eichwald) (vergl. A. O. 
(10)), sehr nahe: sogar die Querriefung ist bei den beiden gleich 
dicht. Sichere Unterschiede sind die herabgebogene Schleppe, spitz- 
winkeligen Fliigel und geringere Zahl der Hauptrippen bei /. holtedahli. 

Das von Holtedahl (12), S. 45 als nefedyevi beschriebene Exem- 
plar hat stumpfere Fliigel, zahlreichere Hauptrippen und offenbar 
keine deutliche Schleppe, so daf es hier tatsachlich, dem Autor 
entsprechend, die Art nefedyevi Eichwald vorzuliegen scheint. 


11. Jngria sp. 
Taf. IV, Fig. 4. 

Es ist eine schlecht erhaltene, invers gew6lbte ventrale Schale, 
bei welcher die nur in Spuren erhaltene feine Skulptur an /ngria 
erinnert. Die grofe Schleppe, mit einem nasenformigen Vorsprung 
versehen, kénnte auch einer /nversella A. O. (11) angeh6ren. 


12. Ingria occidentalis n. sp. 
Tats Wi Rioei2- tata, bigs3—4: 


Eine Art mit drei Runzeln auf jedem Fltigel, mit zahlreichen 


sekundaren Langsstrahlen (3 bis 4 Rippen auf 2mm des Schalen- 
randes) und relativ grober Querriefung (ca. 11 Querriefen auf | mm). 
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Holotyp ist die Ventralschale (ein Abdruck der Aufenseite) 
von Rokstadasen in Hedenstad, Koll. P. Auerdahl (Pal. Mus. Oslo 
Nr. 2334). Es ist am Schlofrande 22 mm breit, wahrend die Lange 
nicht weniger als 12 mm und nicht mehr als 15 mm erreichen mubste. 
Hier ist ja die Lange leider nicht mehr auszumessen. Aber, nach 
der konzentrischen Zuwachsriefung zu urteilen, mufS das Verhdltnis 
Breite/Lange = 1,44 schon am Beginn des reifen Alters geherrscht 
haben, was auf eine relativ kurze Art hinweist. Das Exemplar Taf. V, 
Fig. 3 ist 13 mm breit und ca. 7 mm lang, also ein recht junges und 
daher breites Stiick (vergl. A. O. (10), S. 19). 

Die Versteifungsrunzeln der Schale sind ganz kraftig, indem sie 
auch innerlich ausgebildet sind; die Langsrippen sind dabei ebenfalls 
stark, wodurch die Schale etwas wellig erscheint. Die Schleppe ist 
duBerlich undeutlich von der Scheibe getrennt, dagegen innerlich 
(Taf. V, Fig. 3) erscheint hier eine durch GefaBrinnen zerschnittene 
Schwelle; die Fliigel sind etwas ausgezogen und spitz. Der Umrif 
scheint abgerundet trapezoidal gewesen zu sein. In der Ventralschale 
ist eine regelrechte x-Platte vorhanden und ein Paar divergierender 
Seitensepten sind gleichfalls angedeutet. Das durch hohe Zahnstiitzen 
begrenzte Muskelnarbenfeld ist schméler als bei J. holtedahli. 

Von anderen Arten unterscheidet sich /ngria occidentalis in 
erster Linie durch ihre grobe Querriefung. In dieser Hinsicht scheint 
die Ingria pakriana A. ©. (10) am nachsten zu sein, wo auch eine 
Runzelung der Fliigel vorliegt. Doch ist leider beider pakriana die 
Querriefung recht verschwommen und dabei noch gréber (8—10 auf 
1 mm) als bei occidentalis. 

Bei etwas erweitertem Artbegriff muf§ die occidentalis als eine 
Varietaét der pakriana aufgefaf{$t werden. 


Incertae sedis. 


13. Rafinesquina (?) sp. Holtedahl ((12), S. 14). 
Taf. III, Fig. 12 (rechts). 


Es ist nur ein schlechter Abdruck einer fragmentaren Schale, 
deren Skulptur an die von Brogger (13), resp. Holtedahl (12) be- 
schriebene Form erinnert. Es wird wohl keine Rafinesquina sein, 


sondern es ist hier méglicherweise ein Glied der Fam. Plectambonitidae, 
vielleicht eine Ukoa (10), zu vermuten. 
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Protremata clitambonoidea. 
Fam. Clitambonitidae Winchell & Schuchert. 


14. Apomatella secunda n. sp. 
Taf. II, Fig. 11—12. 


Eine Apomatella mit aufrechter, katakliner ventraler Area und 
einem kurzen Spondylium, dessen Lange weniger als 1/1 der Schalen- 
lange betragt. Holotyp ist die abgebildete Klappe, 6 mm breit und 
4mm lang. Holotyp Pal. Mus. Oslo Nr. 61097. 

Es ist dies die zweite Art der Gattung. Die erste, der Genotyp, 
ist Apomatella ingrica (Pahlen) ((2), S. 117), (9), S. 128). Die ingrica 
hat eine geneigte, prokline ventrale Area und ein langeres Spondylium. 
Ferner, bei der secunda die scharfkammigen Skulpturrippen erscheinen 
feiner (bis 9 auf 2mm des Schalenrandes) als bei der ingrica und 
der SchalenumrifS erscheint rundlicher. Die Ecken sind dabei fast 
rechtwinklig ausgebildet. 

A. secunda, auger Norwegen, kommt auch recht selten im oberen 
Megalaspiskalk Ostbaltikums vor (Iswos am Wolchov, z. B.). 


15. Apomatella ingrica (Pahlen). 
Taf. II, Fig. 10. 


A. ingrica eine durch Pahlen, (1/4), Schuchert & Cooper (2) 
und A. O. (9) untersuchte primitive Clitambonitenart und -Gattung, 
ist nicht selten im expansus-Schiefer von Krekling zu finden. Das 
Fehlen der A-Platte, die kurzen Spondylium und Septum, die spitz- 
eckigen Fliigel sind die auffallendsten Merkmale, welche auch beim 
abgebildeten Steinkern der ventralen Schale wiederzufinden sind. 
Hinten, in der Umgebung des Spondyliums, sieht man hier noch 
einige Abdriicke intervascularer Leisten. 

Vorkommen: Expansus-Schiefer von Krekling, Megalaspis- 
kalk von Estland, Ingermanland, Wolchow usw. 


16. Clitambonites norvegicus Brogger. 


Orthisina norvegica Brogger (13). 

Als Holotypus dieser Art ist das von Brogger abgebildete 
(Taf. XI, Fig. 10-10 b) Exemplar anzusehen. Es ist eine seitlich 
zusammengedriickte Ventralschale, deren Bau nur in den Hauptztigen 
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bekannt ist. Diese Ventrallappe liegt uns vor und tragt die Nummer 
H 2640 des Museums zu Oslo. Zur Originalbeschreibung Brogger’s 
((13), S. 49—50) sei noch hinzugefiigt, daf} hier ca. 8 radiale Rippen 
auf 5mm vorliegen und dafs die Interarea grofflachig, kaum gebogen 
und hoch ist. Es ist mit ziemlicher Sicherheit anzunehmen, daf es 
hier sich tatsachlich um die Gattung Clitambonites handelt. 


17. Clitambonites cf. norvegicus Brogger. 
ON WAG Neila NG Se 


Die beiden abgebildeten Steinkerne stammen aus Vestfossen, 
sind offenbar in selben Schichten gefunden worden, zeigen eine gleiche 
Rippenzahl (9 Rippen auf 5 mm), sind von 4hnlichem, kraftigem 
Innenrelief, — daher méochten wir diese als zu einer und derselben 
Art angehorig betrachten. 

DafS es keine Gonamboniten, sondern echte Clitambonitidae 
sind, bezeugt folgendes: 1!) an der Pedikelschale fehlen unter dem 
Spondylium jegliche Stiitzleisten; 2) Die GerafSabdriicke zeigen den 
Charakter von Clitambonites und Ladogiella (vergl. (9), S. 50); 
3) die dorsalen Muskelnarben sind entschieden nach dem Klitam- 
bonitenmuster (vergl. (9), S. 19) aufgebaut; 4) die Innenflache der 
Schalen ist glatt und sicherlich nicht gewarzt gewesen. 

Es ist durchaus moglich, daf’ hier die Orthisina norvegica 
Brogger vorliegt. Zur vollen Uberzeugung fehlt aber die Aufen- 
skulptur, obwohl die Rippenzahl in den beiden Fallen fast dieselbe ist. 

Die Pedikelschale Taf. VI, Fig. 1 ist 10 mm lang, 17 mm breit 
(am Schlof{rande) und muf$ ca. 5 mm hoch gewesen sein. Das 
Spondylium ist kurz, das Mittelseptum schwach. Das GefaBnetz 
erinnert einerseits an Ladogiella (A. O. (9), S. 50), anderseits an 
Clitambonites squamatus (ebenda, Taf. XX, Fig. 2) und ist in allen 
Einzelheiten entwickelt. 

Die Brachialschale (Taf. VI, Fig. 3) ist relativ flach gewélbt 
(vergl. bei Brogger, S. 49) und vorne mit einem flachen Sulcus ver- 
sehen. Die grofsen, mehr als tiber die halbe Schalenlange reichenden 
Muskelnarben, werden durch ein kraftiges Mittelseptum geteilt. Die 
Gefasse des Mittelsektors sind durch feine intervasculare Leisten 
markiert. Anker nicht erhalten. 

Vorkommen: Expansusschiefer von Vestfossen. 
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18. Ladogiella? sp. 
Taf. VI, Fig. 5. 


Es liegt vor nur das abgebildete Stiick, — eine Pedikelschale 
aus Tgien (Nr. 20135 Museum Oslo), noch von Miinster gefunden 
und von Brogger als Orthisina norvegica bezeichnet. 

Es unterscheidet sich aber vom Typus der norvegica durch 
bedeutend feinere Rippen (14 Rippen auf 5 mm). Méglicherweise 
ist die Abbildung Taf. XI, Fig. 13 bei Brogger (13) nach diesem 
Exemplar angefertigt worden. 


Fam. Estlandiidae A. O. 


Oslogonites n. gen. 


Eine Gattung der Estlandiidae (Estlandiinae) ohne A-Platte 
und Chilidium, ohne Schloffortsatz, mit feingerippter Oberflache, 
mit flach bis maBig gewdlbter dorsalen und Vellamo-artigen hohen 
Ventralschale. 

Genotyp: Oslogonites costellatus n. sp. Die Schalensubstanz 
ist pseudopunktiert, die entsprechenden Warzen sind dicht gestreut 
und fein, haben aber auf den Steinkernen immer deutliche Spuren 
hinterlassen. Bei der Ventralschale fallt das hochgestellte Spondylium 
auf, wobei die bei den anderen Gattungen der Estlandtidae so un- 
erlaBlichen Seitensepten (intervasculare Leisten) hier kaum angedeutet 
erscheinen. 

Die Eigenart der Dorsalschale geht aus Taf. V, Fig. 8 und 10 
hervor. Der Anker ist in der Ebene des Schalenrandes gelegen, die 
Armtrager sind klein und wenig hervorstehend. Anstatt des Chili- 
diums wird die notothyriale Plattform vorne durch eine Rinne um- 
erenzt; das Mittelseptum ist schwach angedeutet. 

Die Skulptur erinnert einigermafien an Progonambonites, ist 
aber dabei feiner. Weitere Unterschiede gegentiber aller anderen 
Estlandiidae sind: 1) der Vellamo-artige Habitus, indem die Ventral- 
schale hoch, die Dorsalschale nur wenig gew6lbt erscheint; 2) der 
geschilderte Ankerbau; 3) das Fehlen der VerschluSplatten des 
Dithyriums (vergl. A. O. (9), S. 12); 4) Die rudimentidre Entwicklung 


der subspondyliaren Seitensepten. 
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Neben dem Genotyp — dem Oslogonites costellatus, gehdért in 
diese Gattung noch O. orthoides n. sp. und, vielleicht, Progonam- 
bonites volborthi (Pahlen). 

Die phylogenetische Stellung der neuen Gattung ist noch unklar. 
Sie macht einen urspriinglichen, relativ primitiven Eindruck, etwa 
wie die Apomatella unter den echten Clitamboniten ((9), S. 71, 128) 
dies zu tun pflegt. 


19. Oslogonites costellatus n. sp. 
Taf INS Figa2—s: 


Holotyp ist die Pedikalschale Taf. III, Fig. 2—4, Expansus- 
schiefer von Krekling, Koll. des Verfassers (Pal. Mus. Oslo Nr. 61093). 
Die Schale ist 9,5 mm breit, 6 mm lang und 5 mm hoch. Die 
urspriingliche Warzung der inneren Schalenfléche ist an der Rauheit 
des Steinkernes zu erkennen. Fig. 2 gibt den horizontalen Umrif 
und das ventrale Innere wieder; die Skulptur des Holotypus (Fig. 4) 
besteht aus abgerundeten quergerieften Spaltrippen, deren man am 
Schalenrande ca. 23 auf 5 mm zahlt. 

Taf. III, Fig. 8 gibt eine jugendliche Ventralschale wieder, mit 
schwach ausgebildetem mittelseptum, Der schon oben beschriebene 
Bau der Dorsalschale ergibt sich aus Taf. III, Fig. 5—7. Beziiglich 
der Skulptur sei bemerkt, daf’ die Hauptrippen hier markanter er- 
scheinen als bei der mehr gewOolbten Ventralschale. Solches Verhalten 
ist auch bei anderen Klitamboniten und sogar Strophomenoidea 
beobachtet worden. 

Vorkommen: Expansusschiefer von Krekling. 


20. Oslogonites orthoides n. sp. 
Taf. III, Fig. 12 und-t4;-Taf. V, Fig. 2. 


Eine Art mit relativ bauchiger Dorsalschale und groéberen Rippen 
(14 bis 16 auf5 mm). Holotyp ist die Taf. III, Fig. 14 und Taf. V, 
Fig. 2 abgebildete Dorsalschale aus dem Expansusschiefer von Heden- 
stad (Pal. Mus. Oslo Nr. 2334, Koll. P. Auerdahl). Es ist 15 mm 
breit und 13 mm lang. 

Von Oslogonites costellatus unterscheidet sich die neue Art, 
ferner, durch den rundlichen Umrifs, relativ kurzen Schlofrand und 
grobe Querriefung (Taf. III, Fig. 14). Das dorsale Septum ist kaum 
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angedeutet, die Armtrager liegen in der Ebene des Schalenrandes. 
Der Ankerbau gleicht jenem des Genotypus, doch ist hier an der Stelle 
der Schlofifortsatzleiste eine flache mediane Grube ausgebildet. Die 
Ventralschale ist unbekannt. 

Aufferlich erinnert die Art orthoides an eine feingerippte Orthis 
oder Dalmanella. 

Vorkommen: Expansusschiefer von Hedenstad. 


21. Oslogonites? sp. 
Tate Figs Veal Vil Fig. 4 


Die regelmafige Spaltrippenskulptur der beiden abgebildeten 
Stiicke mit starkeren Hauptrippen und zahlreichen Nebenrippen 
(17—19 auf 5 mm), bei einer flachen Wélbung der quergestreckten 
Dorsalschale spricht fiir eine neue Art des Estlandiidae. Es kann 
hier wohl ein Oslogonites vorliegen; aber 4hnliche Skulpturmuster 
kennt man auch in der Gruppe des Progonambonites estonus und 
Inflexus, bei Progonambonites ? volborthi und sogar bei Raunites.' 
Bis auf die Klarung des Innenbaues und der Gattungszugehdrigkeit 
soll nun der Name dieser neuen Art offen bleiben. 

Vorkommen: Expansusschiefer von Krekling und Hedenstad. 


22. Antigonambonites planus (Pander). 
Taf. III, Fig. 13. 
Der abgebildete, wohlerhaltene Steinkern aus Vestfossen (Nr. 2294, 


Mus. Oslo) ist 14 mm breit, 12mm lang und zahlt bis 11 Rippen 
auf 5mm. Es muf ein relativ junges Exemplar der Art gewesen sein. 


23. Antigonambonites cf. soror A. O. 
Tate Ve hig, Te 


Es liegen vor einige dorsale Steinkerne, von denen das best- 
erhaltene (Nr. 2337, Mus. Oslo, Hedenstad, Koll. Auerdahl) abgebildet 
wurde. Es ist 15 mm breit und 12 mm lang, hat eine wohlent- 
wickelte Diaphragmaschwelle und zahlt 11 Rippen auf 5 mm. Es 


1 Der Name Raunites A. Opik wird an Stelle von Rauna A. Opik (9, 11), ge- 
braucht, da Rauna schon seit Jahren vergriffen ist. Vergl. Quenstedt (/5). 
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scheint uns eine gute Ubereinstimmung mit dem Exemplar bei A. O. 
(9) Taf. XXXIII, Fig. 3 vorzuliegen. Das ,cf* haben wir nun den- 
noch verwendet, weil die Einzelheiten der Skulptur und die Ventral- 
schale der norwegischen Vertretern dieses Brachiopoden noch un- 
bekannt sind. 

Vorkommen: Expansusschiefer von Hedenstad; Megalaspis- 
kalk Ostbaltikums. 


Anchigonites n. gen. 


24. Anchigonites conulus n. gen., n. sp. 
Taflitericng—— ile 


Diese Art, gleichwie die folgende — A. heinzi und offenbar auch 
Orthisina plana alta Pahlen (14) bilden eine besondere Gruppe, 
indem hier die Pedikelschale Vellamo-artig hoch und die Brachial- 
schale flach konkav erscheint. 

Es besteht hier dieselbe Beziehung zwischen dieser Gruppe und 
den tbrigen Antigonamboniten, welche zwischen Vellamo und dem 
Clitambonites, und zwischen Progonambonites und Oslogonites hin- 
sichtlich der Héhe der Pedikelklappen besteht. 

Anchigonites ist somit eine Gattung aus der Verwandtschaft des 
Antigonambonites, gekennzeichnet durch eine hohe Pedikelschale 
und flache inwarts gewdlbte, konkave Brachialschale. 

Bei den Pro- und Antigonambonites und Raunites-Arten sind 
die Wolbungsverhdltnisse invers, strophomenoid, ausgestaltet. Mit 
Anchigonites haben wir, dagegen, einen rafinesquinoiden Fall der 
Wdlbungsverhaltnisse vor uns, indem die W6lbung von der Dorsal- 
schale aus gesehen konkav-konvex erscheint. Noch ein Fall dieser 
Wolbungsart existiert unter den Clitambonacea — bei Lacunarites (9) 
und, vielleicht, bei Pahlenella (9). 

Genotyp ist Anchigonites conulus n. sp. Der Holotyp ist auf 
Taf. III, Fig. 10 abgebildet (Pal. Mus. Oslo, Nr. 61094). Es ist ein 
ventraler Steinkern, 4 mm lang, 6 mm breit und 3,5 mm hoch. Die 
flache ungebogene Area steht senkrecht zum Schalenrande -— ist 
also kataklin; die A-Platte war wohlentwickelt und trug das Foramen 
in der Nahe der Spitze; das Spondylium liegt hoch iiber den Boden 
der Schale, ist sehr kurz und wird durch ein kurzes starkes Mittel- 
septum gestiitzt; eine Diaphragmaschwelle erscheint wohlentwickelt; 
die Skulptur bestand aus scharfkammigen Rippen, ca. 5—6 auf 2,5 mm 
des Schalenrandes. Auch im Inneren der Dorsalschale (Daf Lk 


Fig. 9) finden wir eine Diaphragmaschwelle. Der Anker ist. hier 
leider nicht erhalten. Die Wélbung der Schale scheint sogar etwas 
konkav gewesen zu sein. 

Die Aufenflache einer Dorsalschale (ein Abdruck Taf. III, Fig. 11), 
zeigt quergeriefte scharfkammige Dachrippen, welche sich durch Ein- 
schalten vermehren. Auch diese Schale ist flach konkav, einwarts 
gewolbt. Am Schlofrande erkennt man den Abdruck des mittleren 
Schlof$fortsatzes und der Chilidialplatten wieder. Es bestand hier kein 
einheitliches Chilidium, sondern zwei von der Mittellinie weit getrennte 
Chilidialplatten. Die dorsale Area (Interarea) samt der notothyrialen 
Plattform stehen senkrecht zur Schalenebene. 

Von Orthisina plana alta Pahlen = Anchigonites altus (Pahlen) 
unterscheidet sich conulus durch die ganz ungebogene ventrale Inter- 
area und durch die dachformigen Rippen. Sonst scheinen die beiden 
Arten einander so ziemlich nahe zu sein. 

Vorkommen: Expansusschiefer bei Krekling. 


25. Anchigonites heintzi n. sp. 
Taf. IV, Fig. 1, 2. 


Eine Art mit gleichmaBig gebogener apsakliner ventralen und 
anakliner dorsalen Interarea, wohlentwickeltem Chilidium, ohne 
Schwellen und mit regelloser Rippenskulptur. Die Rippen sind ohne 
Regel verschieden stark ausgebildet, vermehren sich durch Ein- 
schaltung und Abspaltung und sind ebenfalls von dachartigem Quer- 
schnitt. Man zahlt ca.7 Rippen auf 2,5 mm (also ca. 15—16 auf 
5 mm) des Schalenrandes. 

Holotyp ist die Ventralschale Taf. IV, Fig. 2 (Pal. Mus. Oslo 
Nr. 61095). Sie ist 13 mm breit, 8,5 mm lang und 5 mm hoch. 
Das Spondylium ist gut entwickelt, frei vom Boden der Schale und 
wird in der Mittellinie durch ein kurzes kraftiges Septum gestiitzt. 
Au®erdem finden wir unter dem Spondylium noch ein Paar wohl- 
entwickelter, kraftiger Seitensepten wieder, so daf hier ein voll- 
entwickeltes, musterhaftes Spondylium triplex! der ,Gonamboniten“ 


1 Der von A. Opik (9) fiir die ,Gonamboniten“ vorgeschlagene Ausdruck ,,spon- 
dylium triplex“ wird jetzt von B. Licharew (16) durch ,spondylium pseudo- 
triplex“ ersetzt: “at the same time I suggest the use of the name ,,spondylium 
triplex“ for such spondylia as have the septum actually formed of three 
different parts, two dental plates and a median partition; thus, the term 
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vorliegt. Die A-Platte ist gut ausgebildet, tragt eine Spur von einer 
medianen Naht und das Foramen in der Nahe der Spitze. Der 
SchalenumrifS ist etwas mehr als ein Halbkreis. 

Die Brachialschale Taf. IV, Fig. 1 zeigt ein relativ breites Chili- 
dium, kleine Armtriger, schwach ausgebildete Muskelnarben und ein 
nur wenig entwickeltes, kurzes Mittelseptum. Diese Schale ist 14 mm 
breit und 10 mm lang. Die W6lbung ist flach konkav. 

Von der Art Anchigonites conulus unterscheidet sich die heintzt 
durch feinere Rippen und durch Fehlen der Schwellen. Von der 
alta (Pahlen) unterscheidet sie sich durch die regellosen und dach- 
artigen Rippen. Weitere Vergleiche mit der alta sind nicht aus- 
zufiihren, da die von Pahlen (14) gegebene Beschreibung der alta 
ganz ungentigend ist. 

Vorkommen: Expansusschiefer von Krekling. 


“triplex” (not “spondylium triplex” of Opik) must replace the term “duplex” 
used in Koztowski’s conception”. Es ist aber nun so, dafs der Sinn des 
Ausdruckes ,spondylium triplex“ in der Brachiopodenkunde nicht mit Hilfe 
eines lateinischen und eines griechischen W6rterbuches bestimmt werden 
kann. Der Inhalt dieses Fachausdruckes ergibt sich aus dem Bau des 
Spondyliums der Estlandiidae (A. O. (9), S. 26), insbesondere der Art Estlandia 
marginata (Pahlen). Es ist ja gar nicht ausgeschlossen, dafs ein anderer 
Forscher das Spondylium dieser Art ganz anders anschaut und dann ein neues 
griechisch-lateinisches Wort schaffen wird. Dann kommt noch ein anderer, 
— usw. Ferner wird man finden, daf’ der Fachausdruck ,spondylium“ im 
Falle wirbelloser Brachiopoden ganz unpassend ist, — und es muf$ beginnen 
ein Ummachen und Umtaufen, wie es noch niemals gegeben hat. Die Ver- 
wirrung in der Nomenklatur wird dabei enorm wachsen, indem die , alten“ und 
»unpassenden“ Ausdriicke, sind sie einmal gedruckt, nicht mehr zu streichen 
sind und immer mitgeschleppt werden miissen. Schon wegen dieser Not 
bleibe man beim Spondylium duplex wie es Koztowski gebraucht und beim 
»Spondylium triplex“ im Sinne von A. O. (9), S. 26. Schlieflich, falls B. Licharew 
ein ,,wirklich“ dreifaches“ Spondylium entdeckt hat, so ist auch das Lateinische 
und das Griechische unersch6pflich: ,triplus“, ,trimetrus*, ,tripartitus‘, ,tri- 
compositus“, ,,tplorpos“, ,tpiztuyos*, — alles ohne oder mit ,pseudo“ oder 
»eu* gebraucht! — aber soviel verschiedene Spondylien wird wohl die Natur 
nicht geschaffen haben. 
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Ostracoda. 
26. Tetradella grewingki (Bock). 


Taf. II, Fig. 13. 


Diese Art wurde von A. Opik (17) als eine charakteristische 
Form des ostbaltischen oberen Megalaspis-Kalkes und des expansus- 
Kalkes erkannt. Bei Krekling kommt sie ebenfalls nicht selten vor 
und kann als Steinkerne und gut bestimmbare Aufenabdriicke er- 
halten werden. 

Beyrichia nana Brogger, aus dem Ceratopygekalk, kénnte eben- 
falls ein Steinkern einer Tetradella sein, doch ist sie sicherlich von 
T. grewingki verscheiden. 

Vorkommen: expansus-Schiefer von Krekling; Megalaspis- 
Kalk und expansus-Kalk (?) Ostbaltikums. 


27. Conchoprimitia socialis (Brogger). 
Taf. I, Fig. 7. 


Leperditia (Isochilina>) socialis Bregger (13), S. 55. 


Die Zugehérigkeit dieser Art zu Conchoprimitia A. O. (17), (18) 
geht hervor 1) aus der Lage des Sulcus, 2) aus dem Verlauf der 
Gefaftabdriicke, welche mit jenen der C. tolli (18) tibereinstimmen 
und 3) aus der Kante am Hinterrande, welche der konzentrischen 
Conchoprimitia-Furche zu entsprechen scheint. Letzteres, gleichwie 
die glatte, unpunktierte Schale sind hier die wichtigsten Unterschiede 
gegentiber anderen Conchoprimitia-Arten. 

Die Conchoprimitia socialis kann als ein Leitfossil der expansus- 
Zeit angesehen werden. Nach Brogger soll sie auch im Orthoceren- 
kalk zu finden sein. Dies ist aber eine andere Art, welche hier als 
Conchoprimitia broeggeri beschrieben wird. 

Vorkommen: Expansusschiefer Norwegens, besonders von 


Krekling. 
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28. Conchoprimitia broeggeri n. sp. 
Taf. I, Fig. 13. 


Eine ldngliche Conchoprimitia mit glatter Schale, kurzer kon- 
zentrischer Furche bei der Hinterecke und ohne Sulcus und Hocker. 

Der Gestalt nach erinnert sie an C. glauconitica (Kummerow) 
(19), unterscheidet sich aber durch die abgerundete ventrale Seite: 
glatte Schale und durch die kurze konzentrische Furche. Von C. socialis 
(Bregger) unterscheidet sich die neue Art durch langliche Gestalt, 
durch das Fehlen des Sulcus und Héckers und durch die besser 
ausgebildete konzentrische Furche. 

Holotyp ist die abgebildete Klappe aus dem Orthocerenkalk 
von Slemmestad, Norwegen (Pal. Mus. Oslo Nr. 61096). Dimensionen: 
Linge 4 mm; Hohe 2,5 mm; Lange des Schloffrandes 2,5 mm. 

Vorkommen: Orthocerenkalk (3 cy) des Oslogebietes, be 
sonders Slemmestad. 


Derivationes nominum. 


Anchigonites &yy: — nah; gonites — aus ,Gonambonites“ durch Weglassen 
der Silben ,ambo“ gebildet. ,,Den Gonamboniten nahe stehend“. 

Broeggeri (Conchoprimitia) nach dem norwegischen Geologen W. C. Brogger 
genannt. 

Conulus (Anchigonites) wegen der kleinkonischen Gestalt. 

Costellatus (Oslogonites) mit feinen Rippen bedeckt. 

Heintzi (Anchigonites), nach Herrn Konservator Dr. A. Heintz in Oslo benannt. 

Holtedahli (/ngria), nach Herrn Prof. O. Holtedahl in Oslo benannt. 

Kreklingensis aus Krekling in Norwegen herstammend. 

Norvegica (Ranorthis), die norwegische. 

Novitas (Orthis), Neuheit. 

Perundosa (/nversella), ganz mit Wellen bedeckt. 

Ranorthis, Ran — Name aus der nordischen Mythologie, und Orthis. 

Secunda (Apomatella), die zweite (zweite bekannte Art der Gattung). 

Simplex (Paurorthis parva), einfach, wegen den einfachen Rippen. 

Occidentalis (/ngria), westlich. 

Orthoides (Oslogonites) Orthis-artig. 

Oslogonites, Oslo und gonites (s. unter Anchigonites). 
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Nachtrag. 


1. Inzwischen (August 1938) ist “Ozarkian and Canadian Brachiopoda” by 
E. O. Ulrich and G. A. Cooper erschienen, wo die Orthide Archaeorthis beschrieben 
vorliegt. Wegen der divergierenden vascula media stellen wir Archaeorthis unter die 
Billingsellidae. Die Ranorthis norvegica (S. 109) scheint nun der A. parviuscula 
nahe zu stehen. So ist die Archaeorthis-Kallositat bei Ranorthis Taf. 2, Fig. 2 sichtbar. 
R. hat aber einen unterhéhlten spitzen Schloffortsatz und einen dorsalen Sinus; das 
ventrale Muskelfeld ist herzférmig, das dorsale—grofS. Bei A. dagegen fehlt der 
Schloffortsatz, das ventrale Muskelfeld ist oval, das dorsale—klein, der Habitus 
ist dalmanelloid (bei Ranorthis—,leptelloid“). Somit ist R. auch gegentiber der 
Archaeorthis einen selbstandige Gattung. 

2. Die hier abgebildete Pedikelschale von /nversella perundosa n. sp. ist am 
Rande 24 mm breit, hat eine recht hohe Interarea; eine Deltidialplatte fehlt. Das 
dreieckige Muskelnarbenfeld ist kurz und dreiteilig. Die Zahne und die Zahnstiitzen 
sind schwach, 


Inversella perundosa n. sp., Nr. 2334 Mus. Oslo 
(Riickseite von Taf. 3, Fig. 12), mit Hilfe von 
HCl ausgesdtzt. x 2,5. 


TAFELN 


DIE ABBILDUNGEN SIND VOM VERFASSER MITTELS 
DER CHLORAMMONIUM-METHODE PHOTOGRAPHISCH 
ANGEFERTIGT WORDEN 


Fig. 


» 


Tafel 1. 


Orthis kreklingensis n. sp. Fig. 1 und 2 gehéren 
einer und derselben brachialen (Holotyp. Pal. Mus. 
Oslo. Nr. 61090) und Fig. 4—5 einer einzigen Pedikel- 
schale zu. x 3,8 der nat. Grofe. 

Productorthis cf. eminens (Pander), kiinstl. Abdruck 
eines Hohlraumes. x 3,8 der nat. Grofe. 
Conchoprimitia socialis (Brogger). = 11,2 der nat. 
Grofse. 

Paurorthis parva (Pander), ventraler und dorsaler 
Steinkern. Nach dem Steinkern Fig. 8 ist die Rekon- 
struktion Textabb. 2 angefertigt worden. x 3,8 der 
nat. Grofse. 

Paurorthis n. sp. (sine nomine), dorsaler Steinkern. 
< 3,8 der nat. Grofe. 

Paurorthis parva simplex nov. subsp., ein gerontisches 
Exemplar als Steinkern (in Dorsalansicht, Fig. 5) und 
kiinstl. Abdruck der Skulptur (Fig. 4). Holotyp. Pal. 
Mus. Oslo. Nr. 61091. x 3,8 der nat. Gréfe. 
Conchoprimitia broeggeri n. sp. aus dem Orthoceren- 
kalk von Slemmestad, Koll. des Verfassers. x 11,2 der 
nat. Grofse. 


Die Stiicke Fig. 1—12 stammen aus den Aufschliissen des expansus- 
Schiefer bei Krekling. Koll. des Verfassers. 
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Orthis kreklingensis_n. sp. (links; dasselbe Stiick als 
Plastolinabdruck in Taf. I,. Fig. 3); rechts Ranorthis 
norvegica, n. gen., n. sp. dasselbe Fig. 7, 8. Fast x 3,8 
der nat. Grofse. 

Ranorthis norvegica n. sp. Fig. 2: Ein Querschnitt 
(Diinnschliff), = 10,5 der nat. Groéfe; Fig. 3: Ab- 
druck der Innenflache einer Dorsalschale im Gestein; 
Fig. 4: kiinstlicher Abdruck einer Ventralschale; 
Fig. 5: Abdruck der Aufsenseite einer Dorsalschale 
im Gestein; Fig. 6: Ventrales Steinkern mit mafig 
ausgebildeten Mantelgefassen; Fig. 7—8: Ein ven- 
traler Steinkern in verschiedener Stellung; Holotyp. 
Pal. Mus. Oslo. Nr. 61089; Fig. 9: Der Steinkern 
einer gerontischen Ventralklappe. Fig. 3—6: x 3,8 
der nat. Groves hice 7—- 0: S.2ederenaten Groites 
Apomatella ingrica. (Pahlen). Ventraler Steinkern. 
< 3,8 der nat. Grofe. 

Apomatella secunda n.sp., Gesteinsabdruck (Fig. 12) 
und dessen Plastolinnachbildung, =< 3,8 der nat. Grofe. 
Holotyp. Pal. Mus, Nr. 61097. 

Tetradella grewingki (Bock), Gesteinsabdruck, x 15 
der nat. Grofse. 


Alle Stiicke stammen aus Krekling, Expansusschiefer. Koll. des 


Verfassers. 
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Tafel 3: 


Oslogonites> sp., eine teilweise zerstérte Dorsalschale 
(vergl. Taf. VI, Fig. 4). 

Oslogonites costellatus, n. gen.,n. sp. Fig. 2—4 sind 
Abbildungen einer und desselben Ventralschale. Holo- 
typ. Pal. Mus. Oslo. Nr. 61093; Fig. 5 und 6 sind 


_ Plastolinabdriicke einer Dorsalschale. 


Anchigonites conulus n. gen., n. sp. Fig. 9: Innen- 
abdruck einer Dorsalschale; Fig. 10: Innenabdruck 
einer Ventralschale (Holotyp. Pal. Mus. Oslo. Nr. 61094) 
und Fig. 11: Abdruck der Auffenseite einer Dorsal- 
schale. 

Fig. 1—11: <x 4 der nat. Gréfe und stammen aus 
dem Expansusschiefer von Krekling. Koll. des Ver- 
fassers. 

Brachiopoden im Expansusschiefer von Rokstadasen, 
Hedenstad. Pal. Mus. Oslo. Nr. 2334. x 2,2 der nat. 
Grove. Rechts: Rafinesquina (?) sp. Holtedahl; links 
unten: /ngria occidentalis n. sp. (vergl. Taf. V, Fig. 3); 
in der Mitte und links: Oslogonites orthoides, zwei 
Abdriicke von Dorsalschalen. Die Gegenseite des 
Stiickes sieh Nachtrag 2 (Inversella perundosa). 
Antigonambonites planus (Pander), Expansusschiefer 
von Vestfossen, Pal. Mus. Oslo. Nr. 2294. x 3,2 der 
nat. Groéfe. 

Oslogonites orthoides n. sp., die Skulptur der Dorsal- 
schale von Taf. V, Fig.2, x 4 der nat. Grofe. 
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Fig. 1—2. Anchigonites heintzi n. sp., dorsaler (Fig. 1) und ven- 
traler (Fig. 2) Steinkern. Holotyp. Pal. Mus. Oslo. 
Nr. 61095. x 3,8 der nat. Grofe. 
» 3. Ingria holtedahli n. sp., eine vollstandige Dorsalschale. 
Holotyp. Pal. Mus. Oslo. Nr. 61092, < 5 der nat. Grofse. 
4.. Ingria? sp. x 5 der nat. Grofe. ; 
> 5—9. Ingria holtedahli n. sp. Fig. 5, 6: Oberflachenskulptur 
und Steinkern einer Dorsalschale; Fig. 7: Moglicher- 
weise zur Dorsalschale Fig. 6 zugeh6érige Ventral- 
klappe. Fig. 8, 9: Zwei Dorsalklappen. Fig. 5: x 8 
der nat. Gréffe. Fig. 6—9: x 4 der nat. GréBe. 
Alle Stiicke stammen aus dem Expansusschiefer von Krekling. 
Koll. des Verfassers. 
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Antigonambonites cf. soror. A. O., ein dorsaler Stein- 
kern, als Positiv (rechts) und Negativ (links) abgebildet. 
Rokstadasen, Hedenstad, Expansusschiefer. Pal. Mus. 
Oslo. Nr. 2337. x 3,5 der nat. Grofe. 

Oslogonites orthoides n. sp., ein dorsaler Steinkern 
als Positiv (rechts) und als Negativ (links) abgebildet. 
Beim Negativ bleiben dennoch die Armtrager durch 
die Gesteinsmasse verdeckt. Die Skulptur dieses 
Exemplares ist Taf. III, Fig. 14 wiedergegeben. Rokstad- 
asen, Hedenstad, Expansusschiefer. Pal. Mus. Oslo. 
Nin 23S45e eo onder nai Gnoe: 

Ingria occidentalis n. sp. Fig. 3: Ein ventraler Stein- 
kern, “derselbe in) lak Wy bicsel2 eas eiderenate 
Gréfe; Fig. 4: Abdruck einer Ventralschale, x 3 
der nat. Grodfse. Expansusschiefer von Hedenstad. 
Holotyp. Pal. Mus. Oslo. Nr. 2334. 

Orthis novitas n. sp., Expansusschiefer von Rokstad- 
asen, Hedenstad. Holotyp. Pal. Mus. Oslo. Nr. 2338. 
x 2,9 der nat. Grofe. 

Inversella perundosa n. sp., Abdruck einer Dorsal- 
schale. Expansusschiefer von Rokstadasen, Hedenstad. 
Holotyp. Pal. Mus. Oslo. Nr. 2332. x 1,9 der nat. Gréfe. 
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Fig. 


Tafel 6. 


Clitambonites cf. norvegicus (Brogger), ventraler Stein- 
kern. Expansusschiefer von Vestfossen. Pal. Mus. Oslo. 
Nr. 2296. x 3,5 der nat. Grofe. 

Ranorthis norvegica, n.sp., eine Gruppe im Expansus- 
schiefer von Hedenstad. Pal. Mus. Oslo. Nr. 2350. 3,8 
der nat. Grofse. 

Clitambonites cf. norvegicus (Brogger), dorsaler Steinkern 
aus dem Expansusschiefer von Vestfossen. Pal. Mus. 
Oslo. Nr. 2295. x 3,4 der nat. Grofe, 

Oslogonites? sp., dorsaler Abdruk. Rokstadasen, Heden- 
stad. Pal. Mus. Oslo. Nr. 2336. ~x 2,8 der nat. Gréfe. 
Ladogiella? sp., Expansusschiefer von Toien, Oslo. Pal. 
Mus. Oslo. Nr. 20135. x 3,5 der nat. Groéfe. 

Paurorthis parva (Pander), ein ventraler Steinkern aus 
dem Expansusschiefer von Krekling. Koll. des Verfassers. 
x 4,5 der nat. GroBe. 
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STUDIES ON TRILOBITE MORPHOLOGY 


PART I. THE THORACIC APPENDAGES 
AND THEIR PHYLOGENETIC 
SIGNIFICANCE 


BY 
LEIF STORMER 


WITH 12 PLATES AND 35 FIGURES IN THE TEXT 


Abstract. Conflicting conceptions as to the more detailed structure of the 
trilobite legs, have necessitated a re-study of the existing material. While most 
trilobite legs preserved are exposed in ordinary cleaned specimens, the much 
disputed structures in Ceraurus and Calymene are based on a number of singular 
slides which naturally are very difficult to interpret. 

In order to obtain a more accurate knowledge of the construction of the 
limbs, the author has made section-series (grinding) of Ceraurus-specimens from 
Walcott’s original collection. By photographing the ground surfaces at intervals of 
about !/20 mm, material was provided which permits the preparation of highly 
magnified models on glass plates and in wax or plaster of the thoracic limbs. 

The models demonstrate the structure of the tergites, indicate the position of 
muscles and elucidate the biramous appendages, particularly the little known proximal 
portion and the distal gill-blades or filaments. The series demonstrate a precoxal 
segment, and the lateral branch, generally called the exopodite, is attached to this 
basal segment and therefore represents a preepipodite, not an exopodite or an epi- 
podite. The presumed “spiral structures” are only due to a special preservation of 
the gill-blades. 

A re-study, partly of the literature, of other limb-bearing trilobites shows that 
the trilobite appendage is a very characteristic and conservative structure, a type of 
leg also found in the crustacean-like arthropods of the Middle Cambrian. Relations 
of the trilobite limb are evidently found in the appendages of merostomes and 
arachnids and possibly insects. The crustaceans, however, show little relationship 
although they have distinct biramous appendages. The lateral branch in the cru- 
stacean leg is attached to the basipodite and therefore not homologous with the 
gill-branch in the trilobite leg. The zoological position of the trilobites will be con- 
sidered more in detail in a second part dealing with cephalic appendages and 
describing section-series through the cephalic region of Ceraurus. 


Norsk geol. tidsskr, 19. 
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Introduction. 


The Arthropod Phylum is composed of a large number of highly 
differentiated animal groups. Their mutual relationship is often 
difficult to establish, but within one group a common plan of con- 
Struction is recognized in spite of considerable specialisation. The 
fossil record which is constantly increasing, presents valuable con- 
tribution to the knowledge of the affinities between the different 
classes of arthropods. Most groups, however, are traced back to the 
Cambrian and since the earlier Precambrian forms are unknown, 
and probably will remain so to a large extent, we are forced to 
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deduce the phylogeny from the study of morphological structures of 
later fossil and recent arthropod species.’ 

The copious literature dealing with the phylogeny of the Arthro- 
poda, generally arrives at the assumption of a monophyletic origin 
of the phylum from annelids, but other workers, especially in later 
years, have advocated a polyphyletic origin from different families 
of annelid worms. 

Naturally the early Paleozoic trilobites with their simple and 
uniform structures, have played an important part in this discussion. 
In the conception of most authors, the trilobites were primitive 
arthropods which stood near the ancestors of the main arthropod 
classes of to-day. 

A thorough study of the morphological structures of trilobites 
is therefore of primary importance with regard to the question of 
arthropod phylogeny. Since the ventral appendages of trilobites were 
discovered about fifty years ago, considerable research and discussion 
have been carried out to establish their exact structures. But although 
much work has been done, the structures found have been disputed 
and have not been able to show enough details to permit. complete 
reconstructions of the limbs. 


The present paper deals with new studies of limb-bearing, mostly 
American, trilobite specimens. A preliminary report was published 
in the American Journal of Science (1933). The studies were made 
partly in the United States of America and partly in Norway. During 
my stay in U.S.A. in 1931—1932 I studied the original trilobite 
collections and provided material which I have worked out in the 
later years in Norway. 

At Harvard University, Cambridge, Mass., Professor Dr. T. Barbour 
and Professor Dr. P. E. Raymond offered me the best opportunities 
of studying the valuable trilobite collections preserved in the Museum 
of Comparative Zoology. I had acces to Dr. Ch. D. Walcott’s original 
slides of Calymene and Ceraurus and obtained through the kind 


1 Arthropod remains from the Precambrian have recently been described by 
T. W. E. David and R. J. Tillyard (Memoir on Fossils of the Late Pre-Cambrian 
(Newer Proterozoic) from the Adelaide Series, South Australia. Sidney 1936), 
but judging from the published descriptions and illustrations the fossils are too 
fragmentarily preserved to permit at more detailed reconstruction such as is 


attempted by Tillyard. 
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assistance of Dr. Raymond, x-ray photographs of pyritized specimens 
of Triarthrus. Dr. Raymond also provided fragments of Walcott’s 
original material (the original locality not accessible anymore) and 
permitted me to make serial sections of these pieces. About 200 
photographs were taken of the different sections ground, and the 
photographs comprise several series of which two have 65 successive 
sections. I wish to express my gratitude also to Professor G. H. Parker 
and Professor R. Macdonald for my having had the opportunity of 
making the section-series in the Biological Institute at Harvard 
University. 

At Yale University, New Haven, Conn. I am indebted to Pro- 
fessor Dr. Ch. Schuchert and Professor Dr. C. O. Dunbar for show- 
ing me Beecher’s and Raymond’s original material of 7riarthrus and 
Cryptolithus. 

In the National Museum in Washington, D. C., Dr. Ch. Resser 
kindly permitted me to study Dr. Walcott’s brilliant collections of 
Middle Cambrian trilobites and other arthropods from the Burgess 
Shale of British Columbia. These extremely interesting fossils which 
have the most delicate structures preserved, deserve a new investi- 
gation. The silver-white films representing the fossils, apparently are 
subject to considerable fading which makes future studies gradually 
more difficult. 

In the Paleontological Museums of the University in Oslo, the 
section-series and other material were worked out. I wish to express 
my thanks to the Curator Dr. A. Heintz for all the technical facilities 
put at my disposal. In preparing the glass and wax models and the 
many illustrations I have had valuable technical assistance from Miss 
Borgny Bay, Miss. Unn Hofseth and Miss Lily Monsen. 

At the Norwegian Dentical Highschool Professor Dr. B. Ber- 
gersen kindly permitted me to make the wax plates for wax models 
at his institute. 

A plaster model was prepaired at the Paleozoological Department 
of the “Naturhistoriska Riksmuseet” in Stockholm where Professor 


Dr. E. A. Stensi6 gave me valuable advice in the preparation of 
models from section-series. 


The present studies were made possible through grants from 
“Fridtjof Nansens Fond til Videnskabenes Fremme” and “Univer- 
sitetets Jubileumsfond”. 
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Historical Review. 


Studies on the morphology and zoological position of trilobites 
have created an extensive literature which often is difficult to trace 
in papers dealing chiefly with systematic descriptions of genera and 
species. The conception of the nature of trilobites has changed from 
time to time and it is necessary in this connection to review the 
more important contributions to our knowledge of the morphological 
Structures and to outline the different interpretations presented by 
the workers in the field. The earlier papers are recorded more in 
detail by Raymond (1920). 

The solid dorsal shell with its doublure and attached hypostoma, 
has in its main features been known for a long time through the 
large number of species described. The ventral appendages remained 
unknown to the later part of the last century when Billings (1870) 
found jointed appendages in the Ordovician genus /sotelus. Concern- 
ing the zoological position of trilobites, the earlier workers acknow- 
ledged their arthropod nature, but as long as the appendages were 
practically unknown, the further classification was based on the dorsal 
shell only. Burmeister (1843) referred the trilobites to the bran- 
chiopods on account of the presence of a hypostoma, a variable 
number of body-segmets and from the negative evidence that the lack 
of distinct appendages in trilobites indicated softer appendages like 
the foliaceous limbs of the branchiopods. Among the zoologists 
Dohrn (1871), Packard (1872) and Lankaster (1904, 1905) strongly 
pointed out the general resemblance in the three-lobed dorsal shields 
of both trilobites and xiphosurans and paid special attention to the 
larval “trilobite stage” of Limulus. 

Walcott’s (1879, 1881) discovery of ventral appendages in Caly- 
mene and Ceraurus from the Ordovician Trenton Limestone did not 
seem to contradict the views of a relationship to the merostomes. 
By means of a number of thin sections Walcott demonstrated the 
presence of numerous uniform appendages of which each consisted 
of a jointed endopodite and, as he deduced from the sections, a pair 
of peculiar spiral structures forming the exopodites. No antenne 
were found and a presumed bulbous shape of the last pair of 
cephalic appendages recalled the swimming legs of. eurypterids to a 
certain extent. Lankaster (1904, 1905) strongly emphasized the 
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arachnid nature of the trilobites which he regarded as a subclass 
of the Arachnida. This view was maintained also after the important 
discovery of multi-jointed antennae in well-preserved specimens of 
the Ordovician species Triarthrus eatoni (= T. becki). A pair of 
antenne was first demonstrated by Valient in 1884, but a detailed 
knowledge both of the antennze and the other ventral appendages 
was presented to science through a number of papers by Beecher 
(1893, 1895, b, 1896, 1902), Matthew (1893) and Walcott (1894). 
Thanks to the very skilful preparation carried out by Beecher through 
many years, the pyritized specimens of Triarthrus and Cryptolithus 
were able to give detailed knowledge on the construction of the 
limbs. Beecher’s work was completed by Raymond (1920) in a larger 
monograph mentioned below, and additional knowledge was given 
also by Walcott (1921). 

The results obtained from the studies of Triarthrus and Crypto- 
lithus were briefly: The trilobites had one pair of preoral, multi- 
joined and flexible antennze (or antennulle), a small metastoma 
behind the mouth, four pairs of biramous cephalic appendages which 
deviate from the rest of the limbs only by their stronger developed 
gnathites, and a variable number of uniform limbs consisting of a 
six-segmented endopodite with distal spines and a multi-jointed and 
setiferous exopodite attached to the coxopodite, or to the coxopodite 
and basipodite at the same time. 

The evidence obtained by these investigations gave a much more 
solid base for the determination of the zoological position of trilobites. 
Both Beecher (1895 a) and Bernard (1894) regarded the antennae 
and biramous appendages as typical crustacean characteristics which 
proved the trilobites to be true crustaceans, probably branchiopods 
or early offshoots of the line leading from annelids to modern cru- 
staceans as Bernard (I. c. p. 429—430) expresses it. 

The conception of a crustacean nature of the trilobite was 
apparently strongly supported by the important find of well-preserved 
appendages in specimens of Neolenus and Kootenia discovered by 
Walcott in the Middle Cambrian Burgess Shale of British Columbia. 
The structures found corresponded in general with those described 
in Triarthrus. The antenne and biramous appendages were similar, 
but a pair of multi-jointed and flexible caudal rami had not been 
demonstrated in the Ordovician form. Already in his first description, 
Walcott (1912) abandons his earlier view of the trilobites approach- 
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ing the merostomes, and points out that the presence of caudal rami 
Supports the current opinion that the trilobites were derived from 
the same stock as Apus. In later papers, Walcott (1918, 1921) 
presents new and valuable material towards the elucidation of the 
trilobite appendages. The earlier materials of Calymene and Ceraurus 
especially, are taken up for new investigation and discussion, and 
new reconstructions of the limb-bearing forms are attempted. Walcott 
presumed to trace several jointed and unjointed epipodites attached 
to the coxa besides the two branches previously known. These 
Structures, depicted rather differently in the two cited papers, have 
been doubted by Raymond (1920) and Stormer (1933) although the 
existence of the epipodites in Neolenus was confirmed in one specimen 
by a special committee of three paleontologists (Walcott 1921). Con- 
cerning the zoological position of the trilobites Walcott concludes 
very definitely that they were primitive crustaceans and points out 
the resemblance, in the construction of the limbs, to the primitive 
malacostracan genus Anaspides. Jaekel (1901) assumed to find append- 
ages preserved in a Bohemian trilobite Ptychoparia striata (Emmrich) 
and compared the biramous limbs of trilobites with the legs of the 
schizopod Gnathopheusia. 

In his extensive monograph on the trilobite appendages, Ray- 
mond (1920) completes Beecher’s earlier work and gives further 
description and discussions of the material known. He rejects the 
spiral exopodites and the epipodites emphasized by Walcott and 
gives more simple reconstructions of the limbs. Pointing out the 
difference between the foliaceous limbs of branchiopods and the 
biramous limbs of trilobites, he follows Carpenter (1903, p. 486) in 
the assumption of a relationship to the copepods. Raymond mentions 
that the trilobite limb deviates from the supposed primitive crustacean 
limb in having one joint in the protopodite instead of two (or three). 
The lack of a second pair of antennae, typical of crustacean, is ex- 
plained as due to a reduction of the corresponding cephalic segment. 

Broili (1929, 1930) describes the appendages of Devonian species 
of Phacops and Asteropyge which seem to show the same general 
characteristics as the older genera. 

Practically all the modern palaeontologists follow in general the 
American authors in their conception of the trilobites as a subclass 
of the crustaceans and that the trilobites, although true crustaceans, 
were closely related also to the ancestors of the merostomes and 


arachnids (Raymond 1935). The crustacean nature of the trilobites 
has been strongly emphasized by Pompeckji (1912), Richter (1926, 
1932), Warburg (1925), Broili (1933) and others. Pompeckji and 
Richter (1926) point out the conservativeness of the plan of con- 
struction in the trilobite body, a characteristic suggesting that they 
were not the ancestors of younger arthropod groups. 

A different view was suggested by Stormer (1933) who demon- 
strated the probable homology between the trilobite legs and the 
abdominal feet of Limulus. The author points out (1934a p. 79) 
that the common limb-structures in trilobites and merostomes strongly 
indicate that the Trilobita, Limulava and Chelicerata belong to the 
same stock of-arthropods. 

From zoological hands valuable contributions have receaiy been 
presented to the interpretation of the trilobite morphology. As men- 
tioned above, the zoologists of the late century strongly pointed out 
the xiphosuran plan of construction of the trilobite body. Lankaster 
(1904, 1905) maintained this view also after the discovery of the 
appendages, but Calman (1919, 1926), the specialist on crustaceans, 
is inclined to regard the trilobites as member of this group, in 
spite of the absence of the carapace fold so characteristic of the 
crustaceans. Calman (1919) just mentions the possibilities of a homo- 
logy between the exopodite gills of trilobites, the book-gills of Limulus 
and the comb of scorpions, homologies pointed out by the present 
author (Stormer 1933). Many authors like Versluys and Demoll 
(1920) consider the trilobites as true crustaceans or possibly more 
or less ancestors of both crustaceans and arachnids (Handlirsch 1926 
—1927). Storch (1925, 1926) even thought that the trilobites were 
phyllopods since the sete of the “exopodites” resemble the catching 
apparatus found in the phyllopod limb. His results which among 
others are based on the erroneous assumption that the branch, 
generally understood as an exopodite, really represented the endo- 
podite and vice versa, were strongly criticized by Richter (1926) and 
neither adopted by Thiele (1926—27). Eriksson (1934) gives an 
interesting interpretation of the trilobite limb as a catching apparatus. 

Borradaile (1917) and Snodgrass (1935) regard the gill-branch 
in the trilobite leg as an epipodite since it apparently was attached 


to the coxopodite and not to the basipodite as the typical crustacean 
exopodite. 
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Several zoologists have, however, objected to the presumed 
crustacean nature of the trilobite. Thus Holmgren (1916) points out 
from his extensive studies of the arthropod brain, that the xipho- 
surans (Limulus) possess antenna-glomeruli indicating that this group 
of the Chelicerata may have been derived from antenna-bearing 
forms such as the trilobites. Distinct antenna-glomeruli were not 
found by Hanstrém (1926 b, p. 8 and 68), but later Johannsen (1932) 
has confirmed Holmgren’s investigations and the reduction of a pair 
of antennz in the Xiphosura seems at least to be generally assumed 
(Hanstrém 1926 b, Gottlieb 1926, Fedotov 1924). 

An interesting critical review on the relations between the 
Crustacea, Trilobita, Merostomata and Arachnida was published by 
Fedotov (1924). “When I began my paper” — the author states, 
(p. 383) — “I shared the opinion of the majority of authors that 
the trilobites belong to the class of Crustacea. After the study of 
the most important literature | came to another view of the group- 
ing of the classes of Arthropoda, approaching the opinion of Ray 
LANKASTER.” Fedotov concludes that the trilobites form a separate 
class just as the arachnids and crustaceans, although the trilobite 
limbs in his opinion are very similar to the crustacean legs. Like 
the later authors Ivanov and Schulze, Fedotov lays special stress on 
the predominant correspondence in the general plan of construction 
of the Trilobita and Chelicerata and is inclined to assume a poly- 
phyletic origin of the Arthropoda. The Class Trilobita is regarded 
as 4“a separate stem of the ancient marine Arthropoda showing common 
morphological tendencies with the Merostomata and Arachnida” and 
being the “ancestral group of the latter“. 

Hanstrém (1926 a, 1926 b) approaches the problem from studies 
on the nervous system and visual organs of the arthropods. He 
also, points out the many common morphological characters in tri- 
lobites and merostomes and concludes that: “Die beinahe einzige 
Verschiedenheit von Bedeutung, welche bei den genannten Gruppen 
[Trilobiten und Xiphosuren] vorhanden ist, ist der ganz verschieden- 
artigen Bau der Extremiteten.” Basing his conclusion chiefly on 
Storch’s (1925) assumption of phyllopod limbs in trilobites, he is 
inclined to place the trilobites near the crustaceans in spite of the 
many merostome characteristics. 

Through a detailed study of the embryology of Limulus molluc- 
canus (=Tachypleus gigas), Ivanov (1933) arrives at very interesting 


results concerning the relationship between trilobites and xiphosurans. 
The embryology shows that the recent Xiphosura are derived from 
multi-segmented forms and the telson, so typical of the merostomes, 
is formed only by the tergal portion of the posterior segments, and 
therefore may be compared with the posterior tergal spines of the 
early mesonacids. Ivanov (I. c. p. 319) finds the “crustacean” limb 
of the trilobite of minor importance, doubting even the homology of 
the biramous limbs, and suggests, like Stormer (1933), that the 
fringes of the trilobite exopodites may correspond to the book-gills 
of Limulus. 

Considerable interest deserves the demonstration of four larval 
segments in Limulus. Bearing in mind the probable reduction of 
one pair of antennae in this form, the five primary segments would 
correspond to the five limb-bearing segments in the head of trilo- 
bites. (A reduction of a second pair of antennae in the trilobites is 
presumed by the majority of palaeontologists working with this group.) 
The crustaceans have but three larval limb-bearing segments. Among 
the annelid worms, the number of larval segments varies, but is 
constant within one family and consequently Ivanov assumes, as 
indicated by Fedotov, a polyphyletic origin of the Arthropoda from 
different annelid groups. 

Recently Schulze (1936) presents new supports to the conception 
on affinities between Trilobita and Chelicerata. A study of the Acari 
(ticks and mites) show them to be members of a primitive arachnid 
group evidently derived from the Devonian-Carboniferous Anthra- 
comarti. Schulze demonstrates that the modern Ixodidae show many 
characteristics significant of the trilobite morphology. A common plan 
of construction confirms the view of a trilobite-chelicerate stock develop- 
ing independently from the annelids just as the crustacean stem. 

In a recent paper on the evolution of the Annelida, Onycho- 
phora and Arthropoda, Snodgrass (1938) advocates a monophyletic 
origin of the arthropods, but the Trilobita and Chelicerata form a 
separate stem branching off very early from the main arthropod stock. 

It appears from this brief historical review that the morphology 
of trilobites has been subject to frequent studies and has created 
considerable discussion. The opinion on the zoological position of 
the trilobites has changed from time to time and we have seen that, 
after the trilobite appendages became better known, practically all 
palaeontologists and zoologists studying or discussing the trilobites, 
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regarded them as primitive arthropods related to the living crusta- 
ceans. We have also learned that a smaller group of authors has 
recently objected to this view and presented considerable evidence 
for a conception of affinities between the Trilobita and Chelicerata. 


Systematic Description of Trilobite Appendages. 


Introductory Remarks on Species Known 
and Terminology Applied. 


In his monograph on the trilobite appendages, Raymond (1920) 
gives a review and description of the known limb-bearing species. 
The following list, chiefly based on Raymond’s account, records the 
species described and presents references to the more important, or 
latest, publications as well as indicating the morphological value of 
the respective finds. 


Lower Cambrian. 


lay. Olenetius -seiz? Dunbar (1925) a: fs seu es Antenne. 


Middle Cambrian. 
2. Neolenus serratus (Rominger). Walcott (1918, 


BOM AVIMOMGN LOZ) bac 5 cs 'e o a oo 53 we All appendages. 
3. Kootenia dawsoni Wallcott (1918) ........ Limbs. 
4. Ptychoparia cordillere (Rominger) Walcott 
LOESR eee nee ees: else gre ie Pita PAs o.3 Fragm. limbs. 
5. Ptychoparia permulta Walcott (1918)...... Antenne. 
6. — striata (Emmrich) Jaekel (1901) 
Fea tn POPU Ropes OF... rae oes ae ern ote Ventr. membrane? 
7. Nathorstia transitans Walcott (1912)...... Fragm. appendages. 


Upper Cambrian. 
8. Boeckia(?) illenopsis Westergard (1909)... Antenne? 


Lower Ordovician. 


mecpmindets Clarke (1922)00805 o.0 se ek a Limb (?) 
10. Jsotelus arenicola Raymond (1910, 1920).. Fragm. limbs. 
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Middle Ordovician. 


11. Jsotelus gigas Dekay. Raymond (1920)....... Fragm. limbs. 
Wes =) latussRaymonds(1O20)iaeeee ree Fragm. limbs. 
{3} — maximus Locke. Walcott (1917) Ray- 

mond (1920).cc Reet see eee te ee er eee Fragm. limbs. 
14. Calymene senaria Conrad. Walcott (1918, 1921) 

Raymond) (1920) (pee aewieee enter eee Limbs. 
15. Ceraurus pleurexanthemus Green. Walcott 

(1918, 1921) e Raymond atiG20) messes tak eee Limbs. 
16. Acidaspis trentonensis Walcott (1918)........ Fragm. limbs. 


17. Cryptolithus tessellatus Green (= Trinucleus 
concentricus ‘Baton)e Waléottel 921%. oe. eeaee Fragm. limbs. 


Upper Ordovician. 
(16). Acidaspis trentonensis Walcott. Raymond 
(1920) vgs Qu ree ee een ee ee Fragm. limbs. 
(17). Cryptolithus tessellatus Green. Raymond (1920) All appendages. 
18. Triarthrus eatoni (Hall) (= T. becki Green). 
Beecher (1895 a) Walcott (1918, 1921) Raymond 


(L920 )5'. 4 NS. GE. tee ate ere, Aen eee All appendages. 
Lower Devonian. 

19. Phacops»sp? Broiliy(1920) 1930) eee eee All appendages. 

20), Asteropycé spaBroilit(tO30)ic ee ee All appendages. - 


Several of the listed species give but little information of the 
morphology of the appendages. In the following chapters only the 
better known forms are described and discussed in greater detail. 
Additional knowledge is presented for certain species of which I have 
had the opportunity of examining the original specimens. More ex- 
tensive studies have been attributed to the genus Ceraurus by means 
of grinding series of several specimens. 

Terminology. The morphological terms applied in the follow- 
ing descriptions and discussions deviate from the usual ones employed 
in the majority of earlier works on trilobite appendages and it is 
therefore necessary to explain the different designations. The brief 
account given below is chiefly based on a presentation given by 


Snodgrass (1935), but other conceptions concerning the terminology 
are also considered. 
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epipodite gle eeptpodite pre epipodite 
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proto- N eC cer SSssssssh ag precoxa 
podite a a a ae Be 


basipodite s trochanter 


tsehiopodite 


m eropodi te 


carpopodite patella telo- 
Ss a ne OEE eee Ce podite 


Fig. 1. Terminology of the arthropod limb. Crustacea (left) 
and Trilobita (right). 


The arthropod limb which is attached by a joint either to the 
tergum (divided into tergites), or to the sternum, or to both, consists 
of a number of segments separated by movable joints (text-fig. 1). 
Each segment or podite has its individual muscles and thus differs 
from the sub-segments which only comprise secondary divisions of 
one segment (e. g. the multi-jointed pretarsus of many terrestric 
arthropods). 

In general, the proximal segment of the arthropod appendage 
forms a more prominent podite which is called the coxopodite 
or coxa. In many forms, however, an extra basal segment, a sub- 
coxa or precoxa,! is inserted between the coxa and the body 
wall. The precoxa is regarded by certain authors as formed by a 
secondary division of the coxa, but the presence of this basal seg- 
ment in many primitive groups rather suggests the precoxa to bea 
primary segment as pointed out by Hansen (1925, 1930). 

The free post-coxal portion of the appendage is called the telo- 
podite or telopod. The crustacean telopodite has ordinarily six 
segments: the basipodite, ischiopodite, meropodite, carpo- 
podite, propodite and dactylopodite. Among the Chelicerata 


1 Dr. W.T. Calman kindly advised me to use the term precoxa (not praecoxa). 
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and Insecta the corresponding (?) segments are generally called: the 
first trochanter, second trochanter or prefemur, femur, 
tibia, tarsus and-pretarsus (or transtarsus), but in these 
groups an extra seventh telopodite segment, the patella, may be 
inserted between the femur and tibia. 

The segments of the arthropod appendage may have outgrowth 
which often develops into movable lobes commonly provided with 
special muscles and separate segments or sub-segments. The lateral 
or outer lobes are called exites and the median or inner lobes 
endites. Certain specially developed endites and exites have 
attained particular names. The exite of the precoxa is termed pre- 
epipodite. The endite of the coxa is called the basendite or 
endobase (gnathobase signifies a gnathal function). The coxa or 
coxopodite has often a well developed exite which is known as the 
epipodite. The next segment, the basipodite of the Crustacea, 
may have a conspicuous exite called the exopodite. When a pro- 
nounced exopodite is present, the corresponding median branch, the 
portion of the telopodite distal to the basipodite, is called the endo- 
podite and the basal uniramous portion of the appendage the 
sympod. The basal segments may be fused into one segment 
which is then termed the protopodite. 

The trilobite appendage has generally been homologized with 
the biramous appendage of the crustaceans and consequently the 
jointed exite was interpreted as an exopodite and the median branch 
as an endopodite. Since it appeared that the lateral branch was 
attached to the coxopodite or coxa, certain zoologists (Borradaille 
1917 and Snodgrass 1935) pointed out that the exite was hardly 
homologous with the crustacean exopodite, but rather represented 
an epipodite. The median branch consequently had to be termed 
telopodite. The present studies on Ceraurus, however, have demon- 
Strated that the lateral branch in the trilobite appendage was attached 
neither to a basipodite, nor to a coxopodite, but to a precoxa and 
hence represents a preepipodite. 
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Section Series of Ceraurus. 


Previous research. 


The peculiar limb-structures previously described in Ceraurus 
pleurexanthemus Green and Calymene senaria Conrad have made it 
difficult to arrive at a definite conception on the general structure of 
the trilobite limb. Already in 1875, Walcott mentions his discovery 
of appendages-bearing trilobites in the Trenton limestone of Trenton 
Falls, New York State. In the plastically preserved specimens, the 
body cavity and appendages were replaced by calcite and the struc- 
tures could only be studied in thin sections. In the course of seven 
years Walcott made more than 2000 slides of which about 250 (mostly 
Ceraurus) showed remains of the ventral structures. The results 
from the important studies of the sections were published in several 
smaller notes, but were collected in his paper of 1881. Walcott 
published his paper at time when nothing was known of trilobite 
appendages, but yet he was able to explain very skilfully many of 
the difficult slides and to obtain a certain amount of information on 
the structures of the appendages. Walcott (1881) points out the 
presence of axial processes in the dorsal test and the ventral inte- 
gument was found to be strengthened by flat transverse bands, to 
which the limbs were attached. The slides indicated several types of 
branchial lobes chiefly attached to the basal segment of the limb. 
The branchial appendages were very difficult to interpret. One type 
was first regarded as tubes arranged like the teeth in a rake, but 
afterwards as elongate ribbon-like spirals attached to the sides of the 
thoracic cavity. 

Forty years later, Walcott (1918) gives new illustrations of several 
slides of Calymene and Ceraurus and his new restorations (text- 
fig. 2a) are brought in accordance with the typical trilobite limbs so 
well demonstrated in Triarthrus and Neolenus. Walcott shows in 
addition to his previous research the possible presence of antenne, 
and elongate coxopodites (called protopodites) to which an “epipodite” 
and an “exopodite” were attached. The assumption of the spiral 
structures of the “exopodites” is maintained although he tried in 
vain to find similar sections through the fringes of the corresponding 
appendages in Triarthrus. Walcott made sections of closely coiled 


et ) oS 
spirals of wire set in plaster and obtained sections similar to those 
of the spirals in the “exopodites” of the studied specimens. The 
studies gave the results that the three genera Calymene, Ceraurus 
and Acidaspis, preserved in calcite and studied through slides, 
possessed these peculiar spiral appendages which have not at all 
been traced in the well-exposed cleaned specimens of Triarthrus or 
Neolenus. 

Raymond (1920) after studying the slides, challenged the as- 
sumption of spiral appendages. He presents a number of strong 
arguments against their presence, his logical objections being: 1. It is 
not very probable that the three sectioned genera should be fundament- 
ally different from other trilobites known through cleaned specimens. 
2. Sections of many turns in one slender spiral would be very rare, 
not at all so common as the observed structures and the maximum 
length of the turns should not be so great as shown in some 
specimens. 3. The “spirals” were found in vertical sections only, 
while the “epipodites”, showing a normal shaft with “sete”, were 
exposed in horizontal sections, and thus seem to be identical struc- 
tures. 4. The actual zigzag effect is explained as due to a section 
along the border of the shaft. Raymond points out very strongly 
how difficult it is to explain the structures seen in the translucent 
slides. Although the forms evidently possessed antenne he does not 
find definite traces of them as argued by Walcott. Raymond brings 
out many important observations on the morphology of the append- 
ages and his results are combined in successful restorations (1920 
pl. 11), (text-fig. 2b). Raymond presumed to find, however, that the 
appendages were articulated to the axial processes (appendifers), an 
assumption which is hardly possible from an anatomical point of 
view. The articulation would not permit the muscles to pass from 
the body cavity to the appendage and corresponding structures are 
completely unknown among the arthropods. Raymond also describes 
an alimentary canal in several slides and assumed to find an internal 
chitionus sheet (I. c. p. 79) which was expected to protect the soft 
ventral organs from the strain of the dorsal muscles. 

The next year Walcott (1921) replied to Raymond’s critisism and 
presented a large number of new illustrations and descriptions of 
slides of Calymene and Ceraurus. Concerning the problem of spiral 
branchie, Walcott (I. c. p. 407) maintained his earlier Opinion in spite 
of the criticism and states that during the cutting of the slides he 
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Fig. 2. Earlier reconstructions of the thoracic appendages 
in Ceraurus pleurexanthemus Green, Middle Ordovician. 
a=Walcott 1918, b=Raymond 1920, c,d=Walcott 1921. 


repeatedly had noticed the coming and disappearance of spiral struc- 
tures. He modifies, however, his earlier restorations of the spiral 
branchiz so the spirals form the shaft to which tubiform sete were 
attached (text-fig. 2c). In order to settle the problem, Walcott ground 
some new specimens from his original material and prepared new 
slides. He succeeded in obtaining one beautiful section of Calymene 
(l.c. pl. 96 fig. 1, 2) which gave him the evidence he had “searched 
for from 1873 to 1879 and at intervals since”. The section demon- 
strated “clearly and unmistakably a spiral-like structure with a fila- 
ment attached to the side of several segments of the spiral”. Walcott 
explains the “larger spirals” as coils which were loosened during 
sedimentation and the fact that the attachment of the filament to the 
spiral is shown in one specimen only while the spirals are fairly 
common, is interpreted as due to the attachment of the filaments 
being delicate so that the spirals and filaments often were displaced 
by movements in the soft sediment. Besides the telopodite and the 
mentioned “exopodite”, the coxopodite of Ceraurus (and Calymene) 
in Walcott’s latest restoration (text-fig. 2c), is presumed to have both 
a short fimbriate and a slender segmented epipodite. Walcott gives a 
valuable description of numerous sections and abolishes the appendifers 


(articulations) argued by Raymond. The “abdominal sheet” described 
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by Raymond. is explained as portions of the ordinary dorsal tergites. 
Walcott also discusses the presence of the alimentary canal and 
muscles in the body-cavity below the axis. Like Raymond, he explains 
the large mud-filled cavity below the axis as an alimentary canal. 

It becomes apparent that the morphological structures of the 
limbs and body cavity of Ceraurus and Calymene have not been 
sufficiently cleared up. The opposing conceptions of the difficult 
sections give no bases for correct restorations. Hoping to arrive at 
a more definite opinion, I studied, with the kind permission of Prof. 
Raymond, Walcott’s original collection of slides preserved at Harvard 
University. The high quality of the slides is shown by the numerous 
illustrations (Walcott 1921), but a closer study of them soon reveals 
the difficulty in obtaining right information of the morphological 
structures. It is obvious that it is exceedingly difficult to interpret 
casual sections of enrolled trilobites with the appendages partly 
distorted and generally entangled into each other. In addition, the 
preservation may be less satisfactory, the delicate appendages being 
more or less dissolved appearing as “clouds” or “threads” with 
indistinct outlines. My detailed study of the sections gave me the 
general impression that Raymond was right in his abolition of Walcott’s 
spiral structures, but it also became apparent that satisfactory results 
could not be obtained by the studies of the sections only. 

The chief problems unsolved were: 1. the true nature of the 
“spiral structures”, 2. the general construction of the appendage 
particularly the proximal portion, 3. the true nature of the structures 
referred to the alimentary canal, muscles and eggs, 4. the ventral 
structures of the cephalic region. 

It occurred to me that the only way of settling these questions 
would be to make serial grindings of limb-bearing specimens from 
Walcott’s original collection. Professor Raymond kindly placed at 
my disposal a number of partly ground rock-pieces containing 
Ceraurus, and section series of six pecimens were made. 


Methods applied. 


The grinding of the specimens was done at Harvard University, 
Cambridge, Mass. U. S. A., while the different models were prepared 
in the University Palaeontological Museum in Oslo and, on one 
occasion, at Naturhistoriska Riksmuseet in Stockholm. The limited 
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time and the lack of special equipment for the making of grinding 
series, did not permit a quite satisfactory treatment of the minute 
material, but the later elaboration of the series has shown that errors 
to a large extent may be corrected so that the method, in its main 
features, is quite reliable. 

The limestone pieces secured for grinding were generally cut 
into prisms with the sides forming right angles to the grinded surface. 
A narrow prismatic shape is, however, liable to give less parallel 
sections by common hand-grinding. For this reason only one or two 
sides were cut as base-lines. In general, the known thicker dorsal 
test serves very good as “base-lines” when the succeeding sections 
are combined. The grinding was done by hand on a steel plate with 
carborundum. 

The measurements of the parts ground off between each photo- 
graphed surface, was made by a more simple method which was 
first applied by Dr. A. Heintz (Ostracoderms) and later by myself 
(Trinucleids) at the Paleontological Museum, a method which has 
proved useful for the sectioning of small objects. As measure was 
used a common micrometric screw (scale down to 1: 10000 inch). 
The screw, with the object in measuring position, was partly embedded 
in plaster. Afterwards the stone was removed leaving a solid bed 
into which the stone could be placed at every new measurement. 
By this method only the central part of the object is measured and 
therefore an oblique grinding is more difficult to trace, but in the 
main features the method proved useful as shown in the elaboration 
of the models. The average thickness of the portions ground off 
amounted to about ‘/20 mm. 

The ground surfaces were photographed covered with Canada 
Balsam and a magnification of 5—7 times, mostly 6 times, was used 
in photographing. When combining the photographed sections in 
models it is very important that the magnification is exactly the same 
in all the photographs. With the incomplete equipment at hand, this 
requirement was not always fulfilled. At first I thought it impossible, 
for this reason, to make adequate models, but later it became pos- 
sible to eliminate this source of error. By watching in transmitted 
light the magnified drawings of several succeeding sections, it is 
possible, when we know the shape of the dorsal test, to correct the 
magnification so that the succeding drawings conicide. 
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Fig. 3. Glass model of one gill-appendage in Ceraurus pleurexan- 
themus Green, Middle Ordovician. No. III of Ser. C. The different 
segments have been painted with different colours of varnish. 


By means of a camera lucida (a special vertical magnification 
apparatus has been very useful) the mentioned outline drawings were 
made from the serial photographs. The photographs were generally 
magnified about 6 times corresponding to an actual magnification of 
35—40 times. The drawings often attained considerable size (80 cm), 
but only a minor part was used in making the models. The magni- 
fication of the drawings was adjusted in accordance with the average 
distance between each section. When the average thickness was 
‘oo mm a magnification of 40 times will give a distance of 2 mm 
which is the common thickness of the glass-plates suitable for the 
making of models. 

Glass models (text-figs. 3, 6, pl. 10 fig. 4) were used to a consider- 
able extent to elucidate the structures. The drawings with the 
established base-lines were transferred in chinese ink to clean glass- 
plates with thicknesses of 2 and 3mm. Intermediate values were 
referred to the nearest corresponding thickness or obtained by a 
combination of more plates. The glass-plates were placed in special 
wooden frame-boxes (text-fig. 4) permitting a study of the slides in 
transmitted light. It is important to choose as base-lines one of the 
lower corners of the square plates so that they always retain the 
right mutual position when placed in the frames. By this method 
it is not necessary to paste the glass plates together. 
One can always pick out certain plates or start the series at any 
number in the series. It is possible without major difficulties to look 
through and study 30 plates at the same time. The best results are 
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Fig. 4. Wooden frames for the glass plates illustrating the section-series. 


obtained by watching the plates under an oblique angle so that the 
reflection is avoided. I have used a nicoll prism to eliminate the 
reflection, but with minor results. 

Ordinarily the glass models of the section series present a very 
complicated picture (PI. 10, fig. 4). It seems at first sight impossible 
to separate the numerous fragments entangled in each other. The 
difficulties are due to different reasons: 

1. Not all the thin-shelled parts are preserved (the “softer” 
structures seem not at all to have been preserved). It is apparent 
that some portions, or rather their calcareous fillings, are partly 
dissolved (text-fig. 5d) remaining only as irregular bodies “threads” 
or “clouds”. Calcareous foreign bodies (text-fig. 5 fb) seem also in 
certain cases to come into existence without corresponding (preceeding) 
fragments. 

2. The determination of the outlines of the fragments is often 
very difficult to distinguish in sections of surfaces forming a small 
angle to the section-plane. 

3. The position of the appendages is often difficult to make 
out in the enrolled specimens where the limbs are more closely 
packed and often entangled in each other. 

After outline-drawings were transferred to the glass plates mounted 
in the frames, the task was to separate the many different structures 
exposed in the one series. In certain series such as C (pl. 10, fig. 4) 
the different appendages cover each other so closely that it is 
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Fig. 5. Combined wax models of three 
succeeding thoracic appendages of 
Ceraurus pleurexanthemus Green, 
Middle Ordovician. The model illustrates 
the dissolved parts d and the presence 
of “foreign bodies” fb. cox = coxa, 
fil= filaments or gill-blades, 
tlpd=telopodite. 


impossible to see a major part of one limb at the same time and it 
is difficult to know which parts belong to each other. Here the fact 
that the plates were loose in the frame proved very useful. It was 
possible to follow, backwards and forwards through the series con- 
tinuous structures which were then marked with special colours 
(special colour-pencils to be used for drawing on glass) so that they 
could be distinguished. 

To elucidate the structures of one separate appendage, several 
new glass models were prepared in which only one appendage was 
transferred (with the same base-lines maintained) from the complete 
series into its own set of plates (text-fig. 3). These “cultivated” models 
proved very useful, also for the making of wax models. 

The next step was to try to distinguish the different jointlines 
in the shaft of the appendages. Comparing the drawings with the 
original photographs (for this purpose photographs have considerable 
advantages over drawings of each ground surface) most of the lines 
could be established. On the glass plates, the separate segments were 
painted with different colours in metal varnish. When the shaft is 
not too thick the transparent colours show well the structures of 
the limb. : 

Before glass models were used, celluloid plates were attempted, 


but proved less useful since they do not retain a plane surface and 
require too small magnification. 
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Wax models were prepared of three separate appendages in the 
C-Series, (text-fig. 5, pl. 5—8). Wax plates of 2—3 mm were applied 
and the outlines transmitted from the glass plates. It appeared to be 
rather difficult to present wax models of the delicate filaments which 
were often partly dissolved (text-fig. 5 d) and appeared as a number 
of separate pieces in the cut plates. To a great extent, the models 
had to be supported by iron wire which was melted into the plates 
and retained after the cutting of the supporting “bridges” of wax. 

A plaster model was made by using a “negative” wax model as 
a mould. The wax model was cut so that the solid parts of the 
appendage were left out and the surroundings maintained. Iron strings 
were put into the hollow parts to support the plaster which was 
poured into the mould. In a thermostat, the wax was melted away, 
leaving a plaster model of the section series. This method is only 
applicable when the hollow part allows the plaster to pass through. 
In narrow passages and in canals ending blindly, air-bubbles are apt 
to disturb the model. 


Structure of Thoracic Tergites. 


Some of the grinding series cut through the dorsal skeleton and 
thus give more detailed knowledge of the somewhat complicated 
structures of the tergites. The series explain the articulation between 
succeeding segments and illustrate the ventral processes or apodems 
which served as attachments of muscles. 

In his earlier paper Walcott (1881 pl. 4 fig. 5) gives a restoration 
of the ventral surface of the dorsal skeleton in Ceraurus. As shown 
in text-fig. 2, further restorations (transverse section) have been given 
in later papers by Walcott and Raymond and in a recent Paper Opik 
(1937 pl. 18 and fig. 41) describes and illustrates in excellent photo- 
graphs the tergites of Ceraurus aculeatus Eichwald. In the following 
description and in the preparation of the reconstruction (pl. 11) some 
of Walcott’s figured sections and Opik’s figures have been helpful. 

Mesotergite. Cross-sections of the mesotergite figured by 
Walcott (1921 pl. 96, fig. 3, 4) show that the posterior border of the 
axial ring continues forward as a doublure beneath the ring. The 
same structure is indicated in Opik’s figures especially in the occipital 
segment. Walcott demostrates (I. c. p. 426) how a transverse section 
across the axial ring may cut through the axial ring, the doublure 
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and the articulating lobe of the following segment at the same time. 
He points out that the “abdominal sheet” described by Raymond 
(1920) is therefore nothing but the doublure which may appear as 
an intermediate sheet. The described type of doublure is found 
practically in all arthropods and evidently an intersegmental membrane 
was attached to the anterior border of the doublure and at the same 
time to the anterior border of the articulating lobe of the following 
segment. (Pl. 11, fig. c, d, isgm). 

The articulating furrow (=primary intersegmental fold) is well 
defined, being transverse medially and slightly curved near the axial 
furrows. In dorsal view the articulating furrow has two distinct pits 
(app) at a distance from the axial furrows like ‘4 the breadth of the 
axis. The pits lead down into deep hollow processes very distinct 
in ventral view. The finger-shaped distal portion of the processes 
is always broken off in prepared specimens, but may be studied in 
detail in the section-series. On pl. 2 Ser. C 25-31 and 35—36the 
processes are exposed at full length and Ser. I (text-fig. 6) demon- 
strates their structure in ventral view in several succeeding segments. 
The median border of the process is nearly vertical while the lateral 
border is more oblique giving a larger dorsal aperture opening in 
dorso-lateral direction. The process has a blunt ventral termination 
which is not perforated. Sections show that the process forms an 
invagination (apodeme) of the dorsal skeleton and that the test of 
the apodeme is very thin especially in the distal portion. 

The described ventral process is demonstrated in Walcott’s drawing 
from 1881, but the process appear as median outgrowth from the 
axial furrows. For this reason he suggested the term axial process 
for the structure. In a later paper, however, (Walcott 1921 p. 384 
text-fig. 16) he points out that there were two different processes, 
a smaller axial process, and a more prominent mesotergite 
process which corresponds to the above described structure. Mean- 
while Raymond (1920) suggested the term appendifer for the 
prominent apodemes below the mesotergites and to avoid confusion 
it seems therefore appropriate to maintain the term appendifer instead 
of mesotergite process, but it is to be understood as a process for 
attachment of muscles, not as a condylus to which an appendage 
was articulated. As pointed out by several authors, the appendifers 
are typical of many trilobites and occur in a large number of genera. 
The processes are found in the Cambrian Paradoxides (Westergard 
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1936) and in a number other genera (not Asaphidae, Lichidae etc.) 
(Opik 1937). The appendifers are strongly developed in the Trinu- 
cleidae (Stormer 1930). 

The appendifers of trilobites are very similar to the tergal apo- 
demes in the abdomen of Limulus (Stormer 1933 p. 153). The apodemes 
appear as deep pits (pl. 10, fig. 6 app) in the axis of the abdomen 
just in the same place as in the trilobites. The apodemes serve to 
a great extent as attachments of muscles to the ventral appendages. 
Among other arthropods, I have not found structures so similar and 
the appendifers of trilobites and the apodemes of xiphosurans are 
evidently homologous. 

The articulating half ring (arhr) is well shown in some of Walcott’s 
figures (1921 pl. 96, fig. 4, pl. 102, fig. 4) and in Opik’s photographs. 
The prominent lobe has a median length 34 the length of the axial 
ring. In dorsal view, the half ring is convex with a tapering anterior 
portion (“Extensior Insertion” of Opik). The lobe occupies the space 
below the concave posterior doublure of the axial ring of the segment 
in front, (Pl. 11, fig c) to which it was attached by an intersegmental 
membrane (isgim). 

The dorsal furrows are not very deep and there is no welldefined 
axial process. The posterior portion lies slightly deeper than the 
anterior and has to be identified as an axial process (axp); it is 
more typical in other genera such as in Pliomera (Opik 1938 pl. 25, 
fig. 5) and Asaphus (Brogger 1886 pl. 3, fig. 50, 51). 

The section-series (text-fig. 6, pl. 1—4) have shown that the 
vertical border at the posterior end of the dorsal furrows, of each 
segment, has a distinct pit (x) forming a socket. At the anterior 
border of each segment a corresponding process (x,) forms a con- 
dylus which fits into the mentioned socket. The joint prevents a 
ventral displacement of the tergite in relation to the one in front 
of it. A dorsal and lateral displacement is prevented by the axial 
lobe and the medial portions of the axial processes which abut on to 
the lateral portion of the articulating half ring. A somewhat similar 
articulation is described by Kiger (1916) in the Lower Cambrian genera 
Holmia and Kjerulfia. 

The pleurotergite consists of a rectangular median portion and 
a triangular, slightly curved spine. The pleural spine has a solid 
doublure covering the ventral surface, and as shown by Opik, a 
zigmoid portion at the base of the spine. Only the rectangular portion, 
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Fig. 6. Glass model of Ser. | showing in ventral view, the structures of 
the tergites in Ceraurus pleurexanthemus Green Middle Ordovician. 
The powerful appendifers (ap) and the distal articulation 
of the pleurze are demonstrated. 


the pleura, was covered by thin integument on the ventral surface. 
Besides the distinct lobes on either side of the pleural furrow, the 
pleura has an elevated circular lobe at the base of the pleural spine. 
Two narrow, straight rims are found along the anterior and posterior 
borders. 

A lateral articulation between two following segments is found 
at the distal points of the rims. The spine is constricted at its base 
and the posterior point (y,) of the zigmoid doublure fits into the 
depression (y) of the anterior border of the following segment. An 
anterior process (z,) articulates to the depression (z) medially to 
the doublure of the segment in front. The articulation is similar 
to that found in the axis. The following segment is intercalated in 
the one in front of it and the joint prevents a horizontal and dorsal 
displacement. 

The described articulation between succeeding tergites facilitates 
movements along a transverse horizontal axis, i. e. the enrolling, and 
at the same time establishes a firm construction of the thorax. 
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The articulation is very similar to that between prosoma and 
abdomen in Limulus. Ivanov (1933) has demonstrated that the 
articulation does not follow the original segmentation, but cuts across 
different segments. It seems possible that the pleure of the thoracic 
segments do not represent original segments, but are secondary 
formations due to articulation along transverse lines. In this case the 
pleural furrows would indicate the primary segmental borders. Since 
this question may be solved from a study of the cephalic segments (inter- 
genal spines etc.) it will be discussed more in detail in another paper. 


Ventral Membrane and “Internal Organs’. 


Ventral integument. Sections of Ceraurus and Calymene 
show that the space below the dorsal skeleton in most cases is filled 
with calcite. This is a common feature in preserved trilobites and is 
often formed when certain portions are not filled by mud during the 
embedding of the remains. In the present case, however, the ventral 
extension of the calcite seems in several specimens to correspond 
to the ventral integument or membrane. The integument itself is not 
preserved and in many cases (e.g. Ser. C) even the border between 
the internal calcite and the thick calcified dorsal test is obliterated. 
Walcott (1921 pl. 100, 104) figures magnified sections showing the 
mode of preservation. 

Several of Walcott’s sections (e. g. pl. 101, fig. 1—4) indicate the 
outline of the ventral integument. In Ser. C (pl. 1—4) the ventral 
surface to a great extent is dissolved, but the surface is indicated 
below the mesotergite. As pointed out by Walcott, already in his 
early paper of 1881, the integument below the mesotergite 
forms segmental rings. The observed structures are indicated 
in text-fig. 8,9. In the series, the membrane, or ventral surface of 
calcified portion, is evidently to a certain extent dissolved, but the 
transverse furrows between the segments are indicated. The rings 
are visible in several of Walcott’s sections e. g. pl. 99, fig. 3. 
The membrane below the pleura is not preserved in the series 
and none of Walcott’s section demonstrates it clearly, but evidently 
the membrane, which reached to the lateral doublure, was more 
or less flat, giving but a limited space between it and the dorsal 


skeleton above. 
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“Alimentary canal”. Both Walcott and Raymond considered 
to find traces of an alimentary canal in Ceraurus and Calymene. 
My present studies give no evidence for such structures. The wide 
mud-filled cavities explained as “alimentary canal” are shown in several 
of Walcott’s sections (e. g. 98, fig. 9, pl. 102, fig. 1—2) and in Ser. C 
(pl. 1—4), the cavities below the mesotergites are shown in Nos. 2—7 
and 17—38. The cavities are, primarily, too wide to represent an 
alimentary canal and on the other hand the Ser. C has shown that 
the cavities do not continue from segment to segmem 
and consequently cannot represent a canal. A survey of 
Walcott’s slides has shown one longitudinal section (1921 pl. 102, 
fig. 4) which demonstrates several mud-filled cavities located in suc- 
ceeding segments. The explanation of the structures referred to the 
alimentary canal seems to be: While the narrow space above the 
posterior doublure of the axial ring was rarely filled with mud, the 
more exposed frontal portion was more easily filled, especially in 
enrolled specimens where the intersegmental membrane was destroyed 
and penetrated by sediment. A transverse section across the anterior 
portion of the axial ring would give the described mud-filled cavities 
and if the section is taken near the posterior border one gets oblong 
narrow cavities with indications of circular lateral “canals” as seen 
ingN osl0—=1 Srof SeraG. 

“Heart”. Walcott (1921 p. 427) presents the suggestion that 
in sections of Calymene “a dark, rather strong, arched line above the 
position of the alimentary canal” may represent the heart. The 
narrow mud-filled space below the mesotergite in No. 12 of Ser. C 
(pl. 1) may be the same structure and it can be explained as a section 
across the posterior portion of the axial ring. There seems to be no 
real evidence for traces of a dorsal blood-vessel. 

“Muscles”. Both Raymond (with doubt) and Walcott assumed 
to find fossil remains of the dorsal flexor muscles. Two lateral 
black spots below the mesotergite is explained as filled-in holes left 
by the decay of muscles. Also these structures may be interpreted 
in the same way as the “alimentary canal” and the “heart”. Cross- 
sections at different vertical angles may give several different figures 
of the mud-filled portion. No. 15—20 of Ser. C show circular lateral 
extensions of the mud-filled central portion. These holes are evidently 
the same as the assumed “muscles”. One of Walcott’s sections 
(pl. 95, fig. 18) shows a further transition between the central portion 
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and the lateral spots. More oblique sections such as Nos. 50—60 
of Ser. C. give more complicated figures with several spots of which 
the ventral ones represent sections of the appendifers as pointed out 
also by Walcott. 

In the reconstruction (pl. 11, fig. c,d) I have tried to demon- 
Strate the position of the major muscles from a comparison with the 
general arthropod type and from the position of the apodemes of 
the exoskeleton in the trilobite. As shown below it seems possible, 
through a comparison with the structures demonstrated in “a genera- 
lized type of an arthropod” (text-fig. 7), to distinguish some of the 
major muscles in the trilobite. 

Actual remains of the muscles in trilobites have not been found, 
but in several cases colour markings on the test have been described as 
signifying the areas of muscle attachment. Concerning the muscles 
of the thoracic region, Beecher (1902) assigned to the trilobites dorsal 
longitudinal extensor muscles and ventral longitudinal flexor muscles 
by which the trilobite was able to enroll itself. Beecher assumed 
that the main longitudinal bundles of muscles had lateral strands 
attached in each segment, in the case of the ventral muscles, the 
strands were supposed to be attached to the buttresses in the ventral 
integument which served as apodemes. A similar arrangement of the 
muscles is indicated in Raymond’s restoration (1920 fig. 29). Opik 
(1937 p. 79, 81) describes dark spots in the test of the tergites of 
Ceraurus and other genera. He refers the darker areas in the 
articulating furrow to the attachments of extensor muscles, but he 
finds the dark spots in the axial furrows less clear. 

To distinguish the major muscles it has been useful to compare 
the trilobite structure with the features illustrated in a generalized 
arthropod abdomen as demonstrated by Snodgrass (1931 p. 31, 1935 
p. 257). In text-fig. 7, his simplified nomenclature is applied also to 
the trilobite tergites. 

The major abdominal muscles of an arthropod comprise the 
dorsal, ventral, lateral and transverse muscles and in the case of 
appendages, the muscles connected with those. The dorsal muscles 
may be divided into musculi dorsales interni and m. d. externi. The 
former, which are often divided into four separate bundles, are 
longitudinal reaching from segment to segment and being attached 
to the intersegmental folds=articulating furrow of trilobite tergite. The 
external bundles are short extending from the anterior margin= 
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Fig. 7. Major muscles in the arthropod body 
(a—c) and between the tergites of a trilobite (hypo- 
thetical) (d). (a—c after Snodgrass). arhr=arti- 
culating half ring, artf = articulating furrow, 
cox =coxa, isgm=intersegmental membrane, 
mde=musculus dorsales externi, mdi=m. dor- 
sales interni, m/=m. laterales, mve =m. ventrales 
externi, mvi=m. ventrales interni, pm and 
rm=promotor and remotor muscles of the leg, 
tlpd = telopodite. 


articulating half ring, to the middle=axial ring, of the segment in front. 
The ventral muscles are also both external and internal and the latter 
ones are intersegmental attached to the intersegmental folds and serve as 
retractors of the ventral arcs. The lateral muscles are dorsoventral 
compressors of the abdomen. The limb-muscles (Snodgrass 1935 
fig. 41) have two bundles attached to the tergite and two to the 
sternite. The limb moves on a transverse axis and the two frontal 
muscles (dorsal and ventral) serve as promotor muscles and the hind 
ones as remotor muscles. 

In the thorax of trilobites the colour-markings, indicating attach- 
ment of muscles, are located to the following portions of the tergite: 
1. the anterior portion of the articulating half ring, 2. the articulating 
furrow with the appendifers, 3. the portions of the axial ring above 
the appendifers, 4. the axial furrows. As shown in text-fig. 7c the 
common arthropod tergite in longitudinal section is very similar to 
the tergite of the trilobite (7d). The muscle-markings in the articulating 
furrow evidently belong to the musculi dorsales interni which form 
the major extensor muscles of the trilobite thorax. The markings 
on the anterior portion of the articulating half ring evidently belongs 
to the musculi dorsales externi. Since the axial ring has no markings 
posterior to the appendifers the muscles were probably attached at the 
frontal margin of the axial ring and thus also served as extensors 
of the body (retractors of the dorsum). 


STUDIES ON TRILOBITE MORPHOLOGY. I 173 


It is probable that the markings in the axial furrows chiefly 
belong to the dorso-ventral lateral muscles serving as compressors 
of the body. Other lateral muscles may have led to the pleural region. 

The position of the transverse muscles cannot be decided with 
our present knowledge of the trilobite segments. 

Of ventral muscles, the trilobites evidently possessed musculi 
ventrales interni attached to the intersegmental folds and serving as 
flexors of the trilobite body. By enrollment of the trilobite the thin- 
shelled ventral arcs were retracted as shown in several of Walcott’s 
sections. Musculi ventrales externi may have been present and may 
have been oblique attached to the median buttresses (or rather folds 
in the sternites) as suggested by Beecher (1902). 

In the recent Xiphosura (Gerhardt 1935 p. 63) the flexor muscles 
of the body are attached to the branchial cartilage forming continu- 
ations of the dorsal apodemes which evidently are identical with the 
appendifers of the trilobites. It is therefore possible that certain flexors 
of the trilobites were attached to the appendifers, but since the 
appendifers are lacking in trilobites capable of enrollment this may 
be only exceptions. 

The muscles leading to the appendages may be understood by 
a comparison with the Xiphosura which, as mentioned, possess dorsal 
apodemes or appendifers. In Limulus the abdominal branchial appen- 
dages have strong muscles attached to the “appendifers”. Bundles 
of protractors are attached to the inside of the appendifers and the 
retractors at the base of the same apodemes. Correspodingly it is 
natural to assume that the protractors and retractors of the 
trilobite appendages were attached to the appendifers of the same 
segment. The position of the appendifers indicate that the protractor 
muscles were attached to the frontal side of the appendifers and the 
retractors to the points of them as suggested in pl. 11, fig. d. Certain 
limb-muscles may also have led to the sternite as in the generalized 
arthropod (text-fig. 7 a), and it is also probable that certain limb-muscles 
lead to the axial furrows and were attached to the axial processes. 

The present study shows that it seems possible to 
refer the known muscular markings in the thorax of 
trilobites to the major muscles in the primitive arthro- 
pod, and the muscles leading to the appendages res- 
emble the structures in the abdomen of recent Xiphosura. 
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Fig. 8. Semidiagrammatic drawing of Ser. C. of Ceraurus pleurexanthemus Green, 
Middle Ordovician. 10,5 =x. Ventral view of the left side of the partly enrolled 
specimen. The prominent coxe and basal portions of the walking legs almost cover the 
gill-branches with the gill-blades or filaments visible against the hatched pleural area. 
Explanation of letters also of text-fig. 9: I—VI=thoracic segments, 1—5=segments 
of gill-branch or preepipodite, app=appendifer, art=articulation of pleurge, cl=con- 
dylus, cox =coxa, fil= filaments or gill-blades, isg=intersegmental furrows, pl=pleura, 
plp=postlateral process of coxa, plps=pleural spine, prcox=precoxa, prpd=pree- 
pipodite, pvyp=postventral process of coxa, tp=telopodite segments, vmpl=ventral 
membrane of pleura. 


Thoracic Appendages. 


The following description of the appendages is based chiefly on 
the section-series C, A and D. The biramous limbs are well preserved 
in Ser. C. Both the basal portions and the preepipodites are demon- 
strated in detail, while the distal portions of the walking legs are not 
cut by the sections. Series A and D give valuable information on 
the preservation and construction of the filaments and explain the 
peculiar spiral structures described by Walcott. 
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Fig. 9. The same as text-fig. 8, but with the coxz and telopodites removed. The 

precoxze and preepipodites (or gill-branches) of segments II—V are demonstrated. 

The distal portions of the preepipodites overlap each other forwards and the outlines 

of the covered parts are indicated by broken lines. The dotted lines show the out- 
lines of the pleura. (The lettering is explained under text-fig. 8.) 


Ser. C cuts through the thoracic region of a specimen measuring 
probably about 26 mm in median length of body. The sections run 
nearly parallel to the surface of the pleure, but the specimen is 
partly enrolled, especially the posterior portion of thorax, so that 
the posterior segments are exposed in more transverse sections. In 
the series, traces of nine segments are visible and since Ceraurus 
has eleven segments in the thorax the first preserved may be the 
first, second or third thoracic segment. 

As shown in text-figs. 8, 9 six limb-bearing segments may be 
distinguished on the left side and, in the following description, they 
are numbered I—VI. The appendages of II—III are best exposed, 
particularly III which forms the basis of the reconstruction on pl. 11. 


5 Text-figs. and pl. 5—8 illustrate the wax models prepared from the 
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sections. During the study of the series it became apparent that the 
sections Nos. !8—20 had to be omitted since they showed no change 
in the outlines. Accordingly, I had previously made at note, during 
the grinding, that these sections became somewhat oblique and there- 
fore may have remained untouched on the left side even when the 
measuring apparatus registered a certain grinding. The most difficult 
thing in the interpretation of the structures has been on one side 
to eliminate the calcified bodies (text-fig. 5 fb) which have nothing 
to do with the trilobite structures, and, on the other hand, to decide 
to which degree the preserved structures have been dissolved and 
hence obliterated. Although the wax models exhibit certain differences, 
they agree very well in the main features and the deviations are 
evidently due to the variable preservation. 

The appendages, attached to the ventral membrane below the 
appendifers of the axis, are biramous with a median walking leg and 
a lateral gill-branch. 

The basal segment — the precoxa or subcoxa. In the 
specimen (Ser. C) the ventral integument is not very well preserved, 
but, as mentioned above, the basal segment seems to be situated on 
a ventral node. This elevation may be artificial due to the integument 
being pulled downwards by the appendage, but its convex shape 
speaks in favour of an original structure. In II, the ventral integument 
seems to have been displaced in dorsal direction so that the basal 
segment of the appendages lies besides the distal portion of the 
corresponding appendifer. In III, the median border of the basal 
segment is situated just below the point of the appendifer and thus 
may give a superficial resemblance of an articulation such as in one 
of Walcott’s sections desribed by Raymond (1920). The next basal 
segment (IV), however, is situated distinctly below the appendifer. 

As shown in text-fig. 9 the basal segments of the appendages 
II—V have a somewhat lateral position in relation to the appendifers, 
the median borders of the segments lie below the respective appendages. 

The actual joint-line between the precoxa and the ventral 
integument is not preserved, but the surface turns abruptly in vertical 
direction from the convex node, thus forming a distinct angle marking 
the course of the basal joint. In III, the joint-line may be followed all 
the way round, only in front it is less distinct. A plane drawn through 
the joint-line is not parallel to the pleura above, but tilts forward (dorsal 
view) so that the precoxa is directed backwards at a smaller angle. 
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The basal joint-line forms an elongate, right-angled triangle with 
the shortest side forming the median border. The same outline is 
found in II and IV. In the present specimen the longest axis of 
the precoxe forms an angle of about 45° with the direction of the 
tergites. Probably the natural position was more transverse. 

The basal joint permits movements of the precoxa round a 
transverse axis and since the ventral membrane was rather soft as 
in Limulus, smaller movements in other directions were also possible. 

The precoxa is quite short with “parallel” sides. The median 
border is a little longer than the lateral showing that the segment 
has a somewhat lateral direction. The frontal side has a median 
depression in III and IV and the posterior side is slightly concave 
where the basal segment of the preepipodite is inserted. 

Dimensions: Length along median margin=0,5 mm, greatest 
breadth=1,4 mm. 

In his description of one of the thin sections of Ceraurus, 
Walcott (1921 p. 401) mentions the possible presence of a precoxa, 
but it is not indicated in the restoration or mentioned in the general 
description. 

mhesecondiscement —‘the:coxa-or-coxopodites, Lhe 
second segment, which is more specialized than any of the others, 
is well demonstrated in III and IV and to some extent also in II 
and V. The coxa is more prominent than the other segments and 
its triangular section is often met with in the thin-sections of limb- 
bearing specimens. 

The coxa articulates to the precoxa along a narrow elongate 
joint, more narrow than the basal joint. The elongate shape of the 
articulation-plane shows that the coxa was movable round as trans- 
verse axis just like the precoxa at the basal joint. 

The coxa is shaped more or less as a tetrahedron or plough- 
share. In the tetrahedron the basal joint is situated on a_ basal 
triangle with one corner pointing in median direction, the distal joint 
being situated in the distal corner of the lateral triangle. Compared 
with a ploughshare the anterior and posterior sides of the coxa form 
the sides, and the median process the point, of the ploughshare. 
As shown in text-fig. 10, the surface near the basal joint-line forms 
a flat rim which in direction deviates decidedly from the steep sides 
of the precoxa and thus marks the joint between the two basal 
segments. The division in two separate segments is also expressed 
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in the different main directions of the two segments. Their longest 
axis form an angle of about 30° to each other. 

The steep anterior side of coxa is slightly concave. In IV the 
side appears much shorter than in III, but this is due to the lateral 
portion being partly dissolved and separated from the rest of the 
coxa (pl. 8 fig. D). The posterior side which is well-preserved in III, 
has a concave basal portion and a post-ventral ridge forming, at the 
lateral margin, a post-ventral process (pvp) which is traced in III 
and IV (text-fg. 10). In III, the concave lateral side has an irregular 
furrow and certain sharp processes (pl. 7, fig. 1) which apparently is 
accidental. During the study of the glass and wax models I was at 
first inclined to regard these structures as insertions of an epipodite, 
but a more careful study and comparison of the different appendages 
makes it not probable. 

The medio-ventral margin of the coxa forms a median process, 
a basendite (bnd), which, however, is much less conspicuous than 
the endite emphasized in the earlier reconstructions (text-fig. 2). 
In distal direction, the ventral ridge becomes more rounded and less 
distinct. The ridge has no indications of teeth or spines such as 
are shown in the reconstructions. The basal margins forms a distinct 
ante-lateral process (alp) and postlateral process (plp) which protect 
the basal portion of the appendages. The postlateral process is ex- 
posed also in II which has the coxa to a large extent dissolved in 
two separate portions (a third portion also indicated in the sections, 
but is not presented in the wax model). 

The distal joints has, approximately, a circular outline. A closer 
study of the models has shown that in the ventral half of the joint 
parts of the articulation apparently are preserved. Both in III and 
IV and to some extend also in V, two elongate processes (c) occur 
along the distal margin on either side. The processes evidently 
represent the condyli of the joint and are quite similar to the type 
found in most arthropods e. g. at the distal joint of the coxa in 
Limulus. The condyli permit movements round a longitudinal axis. 

Dimensions: length (transverse)=2 mm, depth (dorso-ventral) 
=1,8 mm, breadth (longitudinal)=1,5 mm. 

The telopodite or walking leg. The structure of this 
median appendage is not well demonstrated in the section-series. 

The first segment — first trochanter or basipodite. 
This segment is not well exposed in the Ser. C. In IV the segment 
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. Fig. 10. The basal portion of the thoracic appendage in Ceraurus pleurexanthemus 
Green, Middle Ordovician. Semidiagrammatic drawing based on wax model of 
appendage No. Ill, Ser. C. (pl. 5—7). a=post-medio-ventral view. b = antelateral 
c=posterior and d=median view. The preepipodite is removed in c, d and drawn 
in full length in a which also demonstrates the sections of the preepipodite segments. 
J1—5=segments of preepipodite, bnd=basendite, c=condylus, cox=coxa, fil=gill- 
blades or filaments, plp=postlateral process, prcox=precoxa, prpd=preepipodite, 
pvp=postventral process. ym=ventral membrane. 


is much dissolved, especially along a middle line which continues 
on the coxa. In the glass models the third segment may be studied 
in V where it seems to be cylindrical with the distal aperture 
slightly wider than the proximal and the length of the segment a 
little longer than the diameter at the distal end. 

The second to seventh segments. These segments are 
not well-exposed in the section-series. Among Walcott’s thin sections, 
one unique slide (1918 pl. 27, fig. 1, 1921 pl. 104, fig. 4) demonstrates 
seven succeeding segments evidently belonging to one appendage 
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though the two distal ones are a little separated from the proximal. 
The segments are practically uniform in shape and size, except the 
sixth which is shorter than the others. It is, however, not possible 
to decide whether the first segment preserved is a coxa or first 
segment of the telopodite. The appendage is curved in the distal 
portion. 

Ser. K, not specially treated in this paper, has certain sections 
which demonstrate the four proximal segments of the walking leg. 
It is possible (especially by comparing succeding sections) to disting- 
uish a coxa, four cylindrical segments of which the two proximal 
ones are somewhat shorter than the distal and a small fragment of 
a fifth telopodite segment is also shown. Since the same series 
demonstrates the dimensions of the tergites it is possible to cal- 
culate to a certain extent the length of the appendages in relation 
to the tergites. 

In Ser. C certain parts of the telopodites are preserved on the 
right side (pl. 1). Three succeeding segments very probably repre- 
sent the second to fourth segments. The two distal ones are cylin- 
drical with somewhat oblique joint-lines and indications of a condylus 
at the distal margin of the third segment suggest movements round 
a horizontal axis at this joint, a feature indicated also in the curving 
of this portion of the leg. 

Nos. 2—9 of Ser. C (pl. 1) show a peculiar slender, jointed 
appendage lying in longitudinal direction. At first sight this appendage 
may suggest an antenna, but the segments are of the same length 
as those of the walking legs and the width is not constant. Probably 
the slender appendage represents the distal portion of a walking leg 
which has been somewhat dissolved so that the thickness is reduced. 

The preepipodite or gill-branch. The structures of this, 
previously littke known appendage, are well demonstrated in Ser. C, 
particularly III, but also Il and IV show the same characteristic 
features. The gill-branch, the dorsal or lateral branch in the biramous 
appendage, is divided into five separate segments of which the broad 
distal one carries the filaments or gill-blades (text-fig. 9, 10, pl. 2—8). 

The first segment. The basal segment is situated along 
the posterior side of the precoxa with which it is closely connected. 
Following the sections through the precoxal region of II and III 
(Nos. 36—48), we notice, however, a distinct line of division between 
the two elongate segments lying side by side. The basal segment 
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lies close to the ventral integument, but the tangent plane is very 
small and it is therefore hardly probable that the basal segment 
articulates directly to the ventral integument. I have considered the 
possibility that the joint-line between the basal segment and the 
precoxa is nothing but an apodeme of the type found in arachnid 
coxe (Kastner 1931). Such apodemes, however, are normally re- 
stricted to one side of the segments and it is difficult to calculate a 
complete division of the segments from such structures. That the 
segment belongs to the preepipodite and not to the precoxa itself, 
is indicated also in the mutual resemblance, in posterior view, of 
the precoxa and the three succeeding segments (text-fig. 10 a, 
pl vs figs): 

The first segment is shorter than the precoxa and its broadest 
portion is found at the distal joint-line which is more vertical than 
may be assumed from a posterior view. The median border is not 
so steep as in the precoxa. The ventral surface is completely 
covered by the flat postlateral process of the coxa. The structures 
described are also expressed in II and IV, although less distinct. 

The second segment. The segment is flattened in dorso- 
ventral direction and the outline in dorsal view is subtrapezoid with 
the joint-lines forming the parallel sides. The anterior side has a 
broad longitudinal furrow suggesting and indication of a lobe along 
the ventral border such as in the distal segments (text-fig. 10a). 
The ventral surface has in the distal portion a median furrow which 
marks the anterior border of a process resembling a condylus. The 
structures in this part of III are, however, much dissolved so an 
accurate decision is difficult to give. In IV the second segment has 
the same shape as in III, but the median furrow is stronger developed 
and the glass model shows that the furrow both in the dorsal and 
ventral part, but not in the middle, devides the segment in two 
halves and more or less forms a continuation of the joint line between 
the precoxa and first segment. The line which is restricted to the dorsal 
and ventral portions of the segment, may possibly be due to apodemes 
or merely lines along which the test was dissolved (just as in the 
coxa and first segments of the walking legs). The proximal portion 
of the second segment is covered by the postlateral process of 
the coxa. 

_ The third segment. This segment is to a considerable extent 
dissolved in III and especially the posterior portion and the joints 
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are difficult to study. The segment consists of a short shaft — length 
just exceeding the width — and a large leaf-like lobe or “endite”. 
The shaft has a subquadratic cross-section. The lobe is attached 
along the ventro-posterior border. Both in III and II which have 
the lobe preserved, it is directed forward covering, in ventral view, 
not only the third segment, but also part of the second and fourth 
(text-fig. 10 a). Although the “endite” covers the segments it is 
distinctly separated from them by a narrow open space. The lobe 
has a subtrapetzoid outline and is attached at the middle of the largest 
of the parallel sides. The postlateral portion of the lobe is, in 
the wax model of III, connected with the fourth segment, but this 
is apparently due to a close contact and no real connection. In II, 
the distal portion of the lobe is covered by the lobe of the next 
segment and is therefore not exposed. (Pl. 5—8.) 

The fourth segment. This segment is well exposed in the 
preserved preepipodites. Like the preceeding segment, it has a main 
shaft to which a leaf-like “endite” is attached. The shaft is some- 
what flattened dorso-ventrally and has a length corresponding to the 
width along the proximal joint-line. The ovoid lobe or “endite” is 
attached at the antero-ventral surface of the shaft and is directed 
forwards. The lobe narrows towards the distal point which in III 
has a short bristle or spine. In II, the segment is less distinctly 
preserved — the middle portion being dissolved — but the lobe has 
about the same shape as in III and occupies the same position. 

The distal joint-line, between the fourth and fifth segment, is 
well marked in III. The two lobes in front of the joint are not 
separated all the way, but this evidently is due to a causal touching 
of the two lobes. In ventral view the distal joint-line of the fourth 
segment is convex suggesting a condylus in this place. In dorsal 
view the joint-line is marked by a deep furrow, but the structures 
preserved cannot give detailed information of the movements possible 
at this joint. ; 

The fifth segment. With its great expanded lobe provided 
with a fringe of long filaments, this segment is the most conspicuous 
and characteristic. Also in this segment a shaft is indicated in con- 
tinuation of those of the more proximal segments. The shaft, visible 
only in III, is narrow, twice as long as wide and is only distinguished 
on the dorsal side in the preserved appendage. The leaf-like lobe 
or “endite” is attached at the antero-ventral margin of the shaft. 
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The thickness of the lobe is '/—%s, the thickness of the shaft and 
the ventral surface being flat, while the dorsal one is somewhat 
concave towards the lobe of the fourth segment. The lateral margin, 
carrying the filaments, is convex and the median margin slightly 
concave. 

In II the lobe has the same general shape, but the median 
border is not exposed and the dorsal portion of the segment is not 
preserved. The lobe of II is‘ longer than in III and if the dorsal 
remains above the dissolved parts also belong to the segment, it 
is even longer. The lobe of II also has more filaments as men- 
tioned below. 

The filaments or gill-blades. The fringe of filaments 
attached to the distal lobe may be studied in detail in the section-series. 
Particular interest is connected with these structures which previously 
were subject to ardent discussions and yielded the conception of the 
unique “spiral structures”. 

The gill-blades are well demonstrated in Series A and C and 
important details are also found in series D. Series C presents 
general information of the filaments and their connection with the 
rest of the gill-appendage. Series A gives in detail the construction 
of the single filaments, and both this and series D explain the origin 
of the peculiar “spiral structures”. Following the previous description 
it is natural to describe Series C first. 

In the fifth segment of appendage No. III the expanded lobe 
carries a row of close set filaments along the convex lateral margin. 
The filaments form together a broad fringe appearing asa continuation 
of the flat lobe. In the present specimen, where the fringes are 
directed forwards, they are somewhat convex-concave with the convex 
side facing dorsally. The fringe consists of separate filaments or 
gill-blades inserted in the margin in the same way as the teeth in 
the shaft of a comb. No extra knobs or fulcre are intercalated 
between the bases of the filaments. 

Each gill-blade or filament forms a long, slightly curved and 
often partly twisted rod. In the proximal half, or perhaps two-third, 
the cross-section is oblong with the longest (vertical) axis about twice 
as long as the width, the average measures being 0,26 mm and 
0,14 mm. The longest axis forms a right angle to the surface of 
the lobe just like the direction of the teeth in relation to the shaft 
in a comb. In several of the filaments the distal third is much more 
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slender than the rest of the filament. With its circular cross-section 
this distal portion appears as bristles attached to the blunt distal 
portions of the blade-shaped filaments. The cylindrical bristles resemble 
those at the distal ends of the filaments in Cryptolithus, but are, 
however, comparatively thicker. The original thickness may have 
been exaggerated during the preservation. In some filaments the 
shape changes gradually from blade-shaped into cylindrical so that 
it is difficult to distinguish a typical bristle at the distal end of the 
blade-shaped filament. 

In Series A shown in pl. 9, 10, fig. 1—3, 8 and text-fig. 11, 12, 
the gill-blades of six to seven appendages are well demonstrated in 
the sections. The filaments are cut at right angles so the structures 
may be studied in great detail. The series comprises 35 longitudinal 
sections through the right cheek of cephalon and the six first thoracic 
segments. The specimen is partly enrolled, the four frontal thoracic 
segments forming a convex surface while the two last segments are 
outstretched. (Many specimens of Ceraurus seem to be enrolled in 
this way.) The sections cut through the distal (lateral) portion of 
the pleurgze and the proximal portion of the pleural spines. As may 
be expected from the reconstruction (pl. 11) a longitudinal section 
through the mentioned lateral portion of thorax would give this cross- 
sections of the filaments of succeeding preepipodites. 

Text-fig.11 shows fifteen magnified sections of the best preserved 
fringes of filaments in series A. Not all the filaments are equally 
well-preserved, but it is possible to establish the “normal” structure 
which permits a reconstruction such as is attempted in text-fig. 14. 
The filaments have an oblong, almost subrectangular cross-section. 
In cross-section the longest axis — the depth — is on the average 
three times the width seen in vertical view. In the sub-rectangular out- 
line the corners are well-rounded and the sides (facing each other) 
are slightly concave signifying the presence of a shallow groove on 
either side just as in the filaments of Neolenus, Triarthrus and 
Cryptolithus. The depth (the width in horizontal view) is nearly 
constant about 0,3—0,33 mm. The smallest width is 0,1 mm as an 
average. The distance between neighbour filaments is like their 
smallest width, but may be greater distally when the filaments diverge. 

The plaster model (pl. 10, fig. 8 and text-fig. 12) gives an im- 
pression of the somewhat flexible nature of the filaments. They are 
in some cases slightly curved and one of the blade-shaped append- 
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Fig. 11. Section-series of gill-blades (filaments) in Ceraurus pleurexanthemus 
Green, Middle Ordovician. Ser. A. 5,3 x and 11,8 < (text-fig. 12, pl. 9, 10, fig. 
1—3,8). The elongate cross-sections of the gill-blades are distinct. The series demon- 
strates also the decomposition of the filaments and the formation of “spirals”. 
1—34=Nos. of sections, cep=cephalon, gl=glabella, hyp=hypostoma, s= “spiral”, 
; t,—tg=tergites, x, y, z=drawn out margins of the gill-blades. 
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Fig 12. Stereoscopic photograph of a plaster model made from Ser. A (text-fig. 11, 
pl. 9, 10 fig. 1—3, 8). The model illustrates the apparently flexible nature of the 
blade-shaped filaments. Distal cylindrical bristles or sete are shown in certain 
gill-blades and in the backgrouud sections of the tergites 
(basis of pleural spines) are visible. 


ages is twisted no less than 70—80° as may also be seen in the 
sections drawn in text-fig. 11. 

In the distal portion, the blade-shaped filaments change into 
narrow cylindrical rods appearing as small circular spots in the 
sections. In many cases the change is rapid, showing that the narrow 
rods have the characteristics of bristles attached to the rounded 
distal ends of the filaments such as in Cryptolithus. In other cases 
the structures are less clear, but the gradual change is here appar- 
ently due to irregular preservation. 

The preservation is most satisfactory in Series A, especially in 
the earlier sections. In the later sections the outlines are often less 
distinct, one gets more “cloudy” contours and either too great or too 
small (slender) outlines of the filaments. Thick and rounded filaments 
are seen e.g. in Al, third filament in the right row (text-fig. 11) 
and in A 15, the first filament in the middle row. 

Greatest interest, however, is connected with the slender, apparently 
partly dissolved gill-blades or filaments. Through the earlier sections 
one notices how the outlines of the filaments in the middle row 
gradually change. In the seventh filament of A 1 the outline is too 
slender and the ends (the dorsal and ventral portions) are partly 
curved. In the eighth filament the dorsal portion is drawn out into 
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a curved point (x). Such points are characteristic of many of the 
filament sections and in the inner row of A 11 it is seen that also 
Straight points occur (y). It is important to substantiate that these 
outdrawn points are not restricted to the ends of the filaments, but 
also may occur at the middle portion as demonstrated in the 
seventh filament of the left row in A 13 (z). 

Following the seventh segment in the middle row, through the 
sections A 1—A 17, one notices how it gets more and more slender 
and the ventral end becomes drawn out forming a more or less 
continuous line extending towards the curved point of the dorsal end 
of the eighth filament. In A 11—A 13 the two neighbour filaments 
are completely connected forming a S-shaped section giving the im- 
pression of a spiral (s). Here we have the “spiral structure” which 
Walcott found in several of his sections and which led him to the 
conception of the peculiar spirals in the exopodites (preepipodites) 
of the trilobite genera Ceraurus, Calymene and Acidaspis preserved 
in the Trenton Limestone of Trenton Falls, New York (comp. text- 
fig. 2). The sections A 1—A 17 show that the presumed spirals are 
nothing but curved ribbons connecting certain portions of neighbour 
filaments. Through the remaining sections A 19—A 34, the filaments, 
or their distal bristles, may be followed (although not well-preserved) 
as separate appendages. 

Typical “spirals” are not developed in the other filaments of 
the series, but in many cases the decomposition and the extraction 
of the ends of the filaments may be studied. 

Series D illustrates well the “spiral structures”. Text-fig. 13 
demonstrates the six sections in this short series from a small and 
partly enrolled specimen of Ceraurus. The sections comprise part 
of the cephalon and ten thoracic segments and cut through the bases 
of the pleural spines and distal portions of pleura just as in Series A. 
Sections of coxz and walking legs are seen in the cephalic region 
and remains of filaments are preserved below certain tergites. 

At first sight the fringes of filaments appear as zig-zag lines 
more or less effaced with a “cloudy” apparition. A closer study 
shows that only a few filaments, e.g. the second one in the right 
row in D2 and D5, have maintained the original, normal outline. 
In general, the filaments appear too narrow and too long. The ends 
form curved hooks which in several cases are connected with the 
opposite end of the next filament, thus forming the “spiral structure.“ 
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Fig. 13. Section-series of gill-blades (filaments) in Ceraurus pleurexanthemus 

Green Middle Ordovician. Ser. D. 4,4 x and 7,7 x. The sections correspond 

largely to those of Ser. A (text-fig. 11), but the gill-blades are much more decom- 

posed appearing as open “spirals” or scathered “threads”. D;—Dg= Nos. of sections, 
cep=cephalon, cox=coxa, t,—to=tergites. 


In the left row the decomposition of the filaments is very distinct. 
The outlines change from section to section and often only a double 
row of smaller spots comprise the sole remnants of the elongate 
cross-sections of the filaments. 

As mentioned in the historical introduction of the present genus 
(p. 159), Raymond rejected the spiral structures emphasized by Walcott, 
though somewhat differently, in his two papers of 1918 and 1921. 
Raymond (1920 p. 50) explained the spirals as due to sections along 
the edge of a shaft at the bases of the filaments. In my preliminary 
paper (Stormer 1933 p. 150) I suggested that the flexibility of the 
filaments was responsible for the spiral-like appearance of the filaments. 
Series A and Series D have clearly demonstrated that 
the “spiral structures“ of the filaments in Ceraurus and 
evidently also in Calymene and Acidaspis, are only a matter 
of preservation. The sections show that the calcite, which filled 
the empty cavities after the dissolved filaments, had apparently a 
tendency to migrate into the surrounding limestone and to unite 
with the calcite of the neighbour filament, The “cloudy” indistinct 
appearance is characteristic of these parts. 
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Fig. 14. Diagrammatic reconstruction of the gill-blades (filaments) in Ceraurus 
pleurexanthemus Green, Middle Ordovician. fil=gill-blades or filaments, prpds= 
portion of fifth segment of the preepipodite, st=bristle. 


Text-fig. 14 illustrates the structures of the filaments such as 
they may be restored after the described section-series. The blade- 
shaped filaments were evidently fairly flexible. It is not quite certain 
whether all the filaments had a narrow distal bristle or gradually 
changed from blade-shaped into cylindrical. 

The position of the preepipodite. The preepipodites are 
well exposed only in Series C. As shown in text-fig. 8, 9 they have 
a rather unexpected position in forming an angle of 70°—75° with 
the direction of the telopodites. This causes a somewhat twisted 
appearance of the basal portion of the appendages (text-fig. 10 d). 
The preepipodites are directed postlaterally forming a distinct angle 
to the corresponding tergites. The slightly convex posterior margin 
has the distal lobes directed forward and the filaments pointing in 
antelateral direction. In ventral view, the succeeding preepipodites 
overlap each other backwards so that the ends of the filaments are 
free. These characteristics are different from those found in other 
trilobites except in one specimen of Cryptolithus (p. 212). Unfortunately, 
no more specimens are available to settle whether this was the natural 
position or not. In Series A the preepipodites may have been 
orientated in the same way as in C since the filaments in the ventral 
row point forward as shown in the plaster model (text-fig. 12, pl. 10, 
fig. 8). 

_ A comparison with other known trilobites (p. 221) makes it prob- 
able, however, that the preepipodites became turned forward in the 
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two enrolled specimens studied. Morphologically, it can hardly be 
doubted that the lobes and the filaments were originally directed 
backwards such as in Neolenus etc. Certain facts indicate also a 
rotation of the appendages. Text-fig. 10a shows the cross-sections 
of the four distal segments of the shaft. It is significant that in the 
third segment the lobe originates from the post-ventral border of 
the shaft, in the fourth, from the ventral surface and in the fifth, 
from the ante-ventral border of the shaft. This suggests a gradual 
turning of the shaft. Another feature which may indicate a secondary 
turning of the gill-branch, is the presence on the dorsal side of the 
convex surfaces of the filamentous fringes. Probably the convex sur- 
faces of the fringes faced downwards in order to form a “gill-chamber” 
below the ventral integument. The detailed mechanism of the distinct 
joints is not known, but the possibilities of considerable movement 
was probably present. For these reasons the preepipodites in the 
reconstruction (pl. 11, fig. a,b) are orientated with the lobes and 
filaments pointing backwards as in other trilobites. 

The different segments of the preepipodites were evidently 
movable also in the horizontal plane so that the distal lobes by 
flection of the shaft formed a common plate or roof covering the 
gill-chamber. The mechanism and function of the preepipodites are 
discussed on p. 223. 


Summary and Results on the Study of Ceraurus. 


As shown in the earlier restorations of Ceraurus (text-fig. 2) the 
previous knowledge of the thoracic appendages was very limited and 
especially the structures of the preepipodites (exopodites and epi- 
podites of authors) were little known. Below are given the major 
results of the present studies on the morphology of Ceraurus: 

1. The tergites articulated by a special joint-mechanism. The 
Structure of the dorsal skeleton indicates the presence of common 
arthropod muscles and limb-muscles of the type found in the 
Xiphosura. 

2. No evidence is found in the fossil material of the presumed 
traces of the heart, alimentary canal and muscles. 

3. The thoracic appendage was attached to the ventral membrane 
by an oblong transverse joint extending from near the ventral axial 
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furrow to a point below the appendifer and thus occupying about 
4 the width of the axis. 

4. Between the integument and the powerful coxa a new, short, 
oblong segment — a precoxa or subcoxa — has been distinguished. 

S. The coxa was sub-tetrahedric or plough-shaped with only a 
slightly protruding basendite. The coxa had a marked post-lateral 
process (Lade) covering the base of the preepipodite. Indications of two 
condyli in the ventral portion of the distal joint suggest an articul- 
ation of the telopodite along a longitudinal axis. 

6. In the biramous appendage, the ventral or median branch 
— the telopodite or walking leg — is not known in detail, but it 
evidently lacked endites. 

7. The dorsal or lateral branch — the gill-branch — was attached 
neither to the first trochanter (basipodite) nor to the coxa (coxo- 
podite), but to the precoxa at the very base of the appendage. This 
is of particular importance since it shows that the dorsal branch 
neither was an exopodite nor an epipodite, but formed a preepi- 
podite belonging to the precoxa. 

8. The preepipodite had five distinct and powerful segments of 
which the three distal ones were provided with expanded lobes. 
Only the distal segment carried filaments which were blade-shaped 
with one cylindrical bristle at the blunt distal points. 

9. The supposed “spiral structures” in the shaft of the preepi- 
podite is only a secondary phenomena due to a special preservation. 


Appendages of other Trilobite genera. 
Calymene. 


Calymene senaria Conrad, occurring together with Ceraurus 
pleurexanthemus Green, has not been subject to serial grinding. 
The numerous slides reproduced in Walcott’s papers (1918, 1921) 
indicate, however, that the structures of Calymene were very similar 
to those of Ceraurus. Several sections (e. g. 1921, pl. 101, 105) show 
the same general shape of the coxa with a postlateral process (?). 
A precoxa seems also to be present (I.c. pl. 101, fig. 8). The broad 
fringes of filaments shown in the beautiful longitudinal section of an 
enrolled specimen (I. c. pl. 96, fig. 1, 2) makes it probable that the 
fringes occupied a larger portion of the preepipodite than in Ceraurus. 
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The preepipodite might have been more of the Neolenus-type with 
the gill-blades attached along a longer posterior margin. In the slide 
mentioned one notices how the “spiral structures” occur where the 
gill-blades are slender and partly decomposed and are thus evidently 
formed in the same way as demonstrated in the section-series of 
Ceraurus. 

Raymond’s restoration of Calymene (1920 text-fig. 16) gives an 
impression of the ventral structures. The shaft of the gill-branch is 
unknown and might have been jointed and broader than indicated 
in the restoration. 


Neolenus and Kootenia. 


Thanks to Dr. Walcott’s unique discovery of the excellently 
preserved fossils from the Middle Cambrian Burgess Shale between 
Mount Field and Wapta Peak in British Columbia, we know 
remains of the ventral appendages in the trilobites: Neolenus ser- 
ratus (Rominger), Kootena dawsoni Walcott, Ptychoparia cordillera 
(Rominger) and P. permulta Walcott. Only Neolenus is known more 
in detail through a number of specimens, the others being repre- 
sented only by singular pieces. During my stay in Washington 
Dr. Ch. Resser kindly permitted me to study Walcott’s types and 
other specimens preserved in the U.S. National Museum. 

The appendages of the mentioned trilobites are described in a 
series of papers by Walcott (especially 1912, 1918, 1921) and Ray- 
mond (1920). The mode of occurrence and character of shale is 
described by Walcott (1912). The fossils are preserved in an exceed- 
ingly fine-grained, compact, dark shale. The trilobite remains are 
considerably flattened, but, while the delicate appendages are pre- 
served only as thin, often glistening films, the more solid test, such 
as the thoracic segments, to a considerable extent has maintained 
its original relief. Although the delicate appendages are preserved as 
thin films showing but faint traces of the details within the well 
marked outline, it is generally possible to decide the mutual position, 
e.g. the overlapping, of different appendages. 

Walcott’s and Raymond’s conceptions on the ventral structures 
of Neolenus are demonstrated in three restorations (Walcott 1918 
pl, 31, 1921, pl. 94, Raymond 1920 text-fig. 8) which will be discussed 
below. It appears from the copied reconstructions of the appendages 
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Fig. 15. Earlier reconstructions of the thoracic appendages in Neolenus serratus 
(Rominger), Middle Cambrian. a= Walcott 1918, b=Raymond 1920, 
c, d= Walcott 1921. 


(text-fig. 15) that the interpretations of the preserved structures have 
deviated considerably. 

Number and differentiation of appendages. As shown 
in the restorations Neolenus (and Kootenia) had eighteen pairs of 
appendages. The first pair was developed as uniramous antenne, 
the sixteen next pairs as biramous legs mutually very much alike 
and the last eighteenth pair as uniramous cerci (caudal rami). Of the 
appendages mentioned the antenne and the four anterior pairs of 
the limbs belong to the cephalon (strongly indicated in No. 58591! 
Walcott 1918 pl. 16, fig. 3), corresponding to the respective glabellar 
furrows and occipital furrow (comp. Stormer 1930 p. 95). Seven 
pairs of limbs belong to the thorax and five to the pygidium which 
also has the cerci. The dorsal test of the pygidium indicates also 
six fused segments although the posterior annulation of the axis is 
not always very distinct, but is expressed in the length of the 
posterior lobe (Walcott 1918 pl. 14, fig. 1. 15, 17, fig. 1). Walcott 
(1918 p. 126) mentions only five fused segments in the pygidium, a 
number evidently based on the number of marginal spines, but the 
annulation of the axis and the six pairs of marginal spines in Kootenia 
(1. c. pl.1, fig. 2) which has the same axis, makes it highly probable that 
the pygidium possessed six fused segments. The sixteen limbs counted 
by Walcott (1921 pl. 91, fig.1) are not quite convincing since one more 
may have been present in the cephalon and the seventh may not 
have been torn away. 


-1 Unless otherwise stated the numbers of specimens of Neolenus and Kootenia 
refer to the U.S. National Museum, Washington, D.C., U.S. A. 


194 LEIF STORMER 
shear mas dCi 

The antenne are longer than indicated in the restorations, 
being as long as the distance between the frontal border of the 
lateral eyes and the hind border of the pygidium (No. 58588). The 
antenne are multi-jointed and flexible, often double-curved like the 
same appendages in Triarthrus. The short segments carrying bristles 
become more elongate towards the narrow ends. 

The cerci or uropods (caudal rami) are very similar to the 
antennee and evidently represent the posterior pair of appendages. 

They were attached to the ventral surface and their shifting 
directions in the specimens preserved show that they were attached 
by joints to the ventral integument. The multi-jointed cerci were 
somewhat shorter than the antenna, but although they appear stiff 
in most specimens, a slight curvature in some (No. 57657 Walcott 
1918 pl. 17, fig. 2) suggests that they too were flexible. 

The thoracic appendages. Practically no difference is 
found in the structures of the limbs of cephalon, thorax and pygidium. 
The frontal cephalic appendages are smaller than the other and in 
the pygidium the size decreases backwards, but otherwise there is 
no marked difference. 

The coxa or coxopodite is oblong with a straight dorsal and 
a curved medio-ventral border. The short median border is not 
well exhibited in any specimen. The photograph of No. 65513 given 
by Walcott (1918 pl. 16, fig. 1) is too much retouched and No. 58589, 
after the latest preparation of Walcott (1921 text-fig. 15, pl. 91, fig. 2), 
therefore seems to give the best information (text-fig. 16). In the 
second and fourth legs the coxa has oblique spines not stronger 
than those on the telopodite segments, but directed more medially. 
Instead of a gently curved median border the first and last coxze 
have a kind of reentrant, which in one of Walcott’s illustrations, 
(pl. 91, fig. 3, photographed with light from the opposite side of text- 
fig. 15), appears as a crossing line bordering a narrow triangular area 
at the medio-basal portion of the coxa. The oblique border in the 
second coxopodite may be interpreted in the same way. The de- 
scribed structures indicate the possible presence of 
an extra basal segment, a precoxa, also in the append- 
ages of Neolenus. 

The coxa is practically always preserved from the anterior or 
posterior side suggesting that it was flattened from these sides. The 
area of attachment of the coxa or precoxa, is not clear, but it has 
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Fig. 16. Walking legs of Neolenus serratus (Rominger), Middle Cambrian, 3.3 x. 
No. 58589 Coll. U.S. Nat. Mus. Washington. Drawing based on photographs published 
by Walcott. 1—7—=segments of telopodite, cox = coxa, f= femur, pa = patella, 
pf = prefemur, prcox=precoxa, pt=pretarsus, ta=tarsus, ti=tibia, 
tlpd=telopodite, tr=trochanter. 


evidently been larger than in the earlier restorations. The exact 
position of the coxa in relation to the dorsal skeleton is of interest 
in this connection. Only the larger specimen of No. 58588 (Walcott 
1918 pl.15) has the appendages symmetrically arranged and the counter- 
part (not figured) of it shows clearly that the axial furrow passes 
just over the middle of the coxa. Since the apodemes to which the 
limb-muscles are attached, lie in the mesotergite, the area of attach- 
ment of the coxa rather occupies the median portion of the coxa 
(the portion of the possible precoxa) than the more distal portion 
indicated in earlier reconstructions. This would correspond to the 
structures found in Ceraurus as described above. Raymond (1920) 
suggested (text-fig. 15) that the spiniferous border of the coxa belonged 
to the dorsal surface and based his assumption on an indication of 
a notch on the distal part of the spiniferous margin. Later prepar- 
ations of Walcott (1921 p. 391) have shown the notch to be only a 
narrowing of the limb at the joint-line between the coxa and next 
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segment, and other specimens demonstrate clearly that the spiniferous 
margin belongs to the concave side of the curved limb and thus 
represents the ventral surface. 

The telopodite is well exposed in many specimens. The best 
details are furnished by the specimens No. 58588 a—b (Walcott 1918 
pl.17, fig. 3; 1921 pl. 93), No. 58589 (1918 pl. 18, pl. 20, fig. 1; 1921 text- 
fig. 15) and No. 65513 (1918 pl. 16, fig. 1, 2), the latter showing the 
cephalic telopodites. The telopodite consists of seven segments of 
which the distal one forms a small curved claw (not reckoned as a 
separate segment in earlier descriptions). The four proximal segments 
are fairly uniform in shape and size, the breadth diminishing but 
slighly outwards. Each segment has a subrectangular outline with 
the ventral margin somewhat convex and provided with a powerful 
spine especially in the distal part where one strong spine has a length 
about 7/3 the width of the segment. The earlier restorations have not 
shown these spiniferous margins which are not less spiniferous than 
the ventral margin of the coxa. The straight dorsal margin has a 
narrow rim, probably serving as a supporting ridge. The section of 
the joints was probably elliptical with the vertical axis as the longest. 
The two distal rectangular segments are decidedly more narrow than 
the proximal ones. The distal claw is short and curved and is flanked 
by two (or more?) smaller spines. (The segments of the cephalic 
telopodites seem to have less convex spiniferous segments and the 
width is more gradually decreasing towards the distal point.) The 
articulation between the different joints is demonstrated only by the 
more or less straight transverse joint-lines. 

The preepipodite (exopodite of earlier descriptions) is gener- 
ally covered by the pleurotergites and therefore more difficult to 
study than the telopodite. The preepipodites have been studied 
specially by the author. Besides the specimens preserved in the 
U.S. National Museum, No. A 5128 of the Paleont. Museum in Oslo, 
shows good details of these structures (text-fig. 17). Among the 
specimens figured by Walcott in 1918 and 1921 the following gives 
the best information of the preepipodites of Neolenus: No. 65514 
(1918 pl. 19, fig. 1—3, 1921 pl. 92, fig. 5), No. 65519 (1918 pl. 21, 
fig. 6), No. 65520 (1918 pl. 22, fig. 1), No. 65521 (1918 pl. 23, fig. 1, 
1921 pl. 92, fig. 5), No. 58588 (1921 pl. 91, fig. 1, pl. 93, fig. 2). 
A specimen of Kootenia, No. 65515 (1918 pl. 14, fig. 3) (text-fig. 18) 
proves to be of special importance and elucidates also the structures 
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Fig. 17. Appendages of Neolenus serratus (Rominger), Middle Cam- 

brian. 1,8 =. The specimen illustrates the position of the pre- 

epipodites (prpd) between telopodites (tlpd 3—6) and the dorsal 

test, and at the same time demonstrates the mutual position of 

succeeding fringes of gill-blades. Untouched photograph of speci- 
men No. A 5128 Coll. Pal. Mus. Oslo. 


in Neolenus. The preepipodite consists of an elongate flat lobe 
occupying most of the space below the corresponding pleurotergite. 
The lobe which forms a shaft to which series of gill-blades are 
attached, is divided into two segments by a crossing joint-line. The 
line is not preserved in many specimens and therefore not indicated 
in Raymond’s drawings (1920 text-fig. 3), but its presence is clearly 
demonstrated in specimens Nos. 65520, 65514 and one specimen 
marked 39 T. No other joint-lines are found, but the conditions in 
Kootenia (text-fig. 18) suggest the possible presence of some more. 
Raymond (1920 p. 28) assumed to trace several segments in a 
cephalic preepipodite of No. 65520, but the appendage is evidently 
a telopodite which also possesses bristles. The joint-line separates the 
the ovoid distal segment from the oblong sub-rectangular basal portion. 
Walcott assumed that the proximal portion was narrow, a feature 
not shown in the specimens, but based on the assumption that the 
lobe was attached both to the coxa and tubiform trochanter (basipodite) 
(1921 p. 393). A broad base of the preepipodite is indicated in 
Nos. 65514 and 65520. The point of attachment of the preepipodite 
is not clearly demonstrated, but in the last-mentioned specimens as well 
as in 65521, the filaments along the hind border of the shaft seem to 
continue practically to the axial furrows. This denies the possibility of 
an attachment to the basipodite and shows that the preepipodite was 
attached to the proximal portion of the coxa or to the precoxa. 
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Fig. 18. Preepipodites of Kootenia 

dawsoni Walcott, Middle Cambrian. 

5 x. Drawn after specimen No. 65512 

Coll. U. S. Nat. Mus. Washington. ax = 

axis, ar=anterior rim or ridge, ds= 

distal segment of shaft, fil=gill-blades 
or filaments. 


The proximal portion of the shaft has a length like the pleura 
without the spine. The surface generally shows no details, but in 
specimens Nos. 65514, 65521 and particularly 65512 of Kootenia 
a frontal marginal rim is separated from the the rest of the lobe. 
Text-fig. 18 shows a distinct frontal rim which is divided into a 
number of short “segments” and seem to have been provided with 
short sete. In Neolenus the annulation of the rim has not been 
traced, but this is probably due to the preservation which often leaves 
no traces even of the rim. In Kootenia, the main part of the shaft 
has certain crossing lines indicating a possible division also of this 
portion. The eventual segments would correspond to two segments 
in the frontal rim according to the observed details. It is, however, 
to be remembered that wrinkles may occur in the thin test as shown 
by Raymond (1920 text-fig. 3), but the wrinkles are shorter and more 
curved. The section of the shaft is not known, but the position of 
the preepipodites suggest that the shaft was rather flat and leaf-like 
as assumed by the earlier authors. 

Along the posterior margin, the shaft is provided with close-set 
filaments or gill-blades forming together a flat brim with a convex 
posterior border. The length of the filaments is about 1,5 the width 
of the shaft except near the distal joint where the length is consider- 
ably smaller. In specimen No. 65521 the shaft had 57 gill-blades and 
No. 65514 has 15—17 on a distance equalling the greatest width of 
the shaft. The gill-blades or filaments were narrow blade-shaped 
with rounded distal ends and indications of shallow median grooves. 
The short distal filaments, exposed in No. 65521, appear to have 
a width="ls the width of the shaft at the distal joint-line. Walcott 
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(1921 p. 370) assumed a cylindrical basal portion of the filaments, 
but this cannot be decided from the specimens and the indication 
of a double posterior margin of the shaft rather means the upper 
and lower attachments of the flat filaments along the round margin 
of the shaft. The fringe of the preepipodite was evidently built up 
by close-set lamellz with their larger surfaces facing each other just 
as in Ceraurus. 

The distal segment of the shaft (ds text-fig. 18, 20) has a some- 
what variable outline in the preserved specimen. Generally, the 
outline is more or less ovoid with an oblique proximal joint-line 
towards the main shaft, but in certain specimens such as No. 65514 
(and pl. 13 fig. 1 depicted by Walcott 1931 and referred to Lean- 
choilia superlata Walcott by Resser) the segment is broader and in 
others such as No. 58588 it is quite narrow. Several specimens 
show that the distal segment had an anterior rim forming a continu- 
ation of the rim on the main shaft. In the figured specimen of 
Kootenia (text-fig. 18) the proximal portion of the rim has two 
“segments” indicated and, further outwards, the rim gets more and 
more narrow towards the distal point. Many specimens show that 
the distal joint is provided with numerous slender spines or bristles 
along the lateral and posterior edge. The length of close-set spines 
does not exceed ‘2 the normal width of the segment. Both Raymond 
(1920 p. 26) and Walcott (1921 p. 370) point out that the sete on 
the distal segment are decidedly different from the blade-shaped 
filaments on the main shaft but this is not shown in their restorations 
(text-fig. 15). The spines on the distal segment more resemble those 
on the segments of the telopodites (text-fig. 16). 

The position of the preepipodites is clearly demonstrated in 
No. 65513 (not figured), 65514, 65520, 65521 and No. A 5128 of 
Pal. Mus. Oslo (text-fig. 17). The appendages are found below the 
pleurotergites above the telopodites. Usually the preepipodites are 
directed outwards parallel to the tergites, but in the cephalic region 
they have a more ante-lateral direction. The mutual position of 
two succeeding preepipodites is not correctly demonstrated in 
the earlier restorations by Raymond (1920 text-fig. 8) and Walcott 
(1921 pl. 94). In ventral view, the hind border of the filaments was 
hidden by the shaft of the following preepipodite just as shown by 
Raymond (1920 text-fig. 16, 20 and pl. 11) in Calymene, Cryptolithus 


and Ceraurus. 
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Remarks on the “epipodites” described by Walcott. 
In his paper from 1918 Walcott describes two epipodites and one 
exite in addition to the branches described above. Schuchert (1919 
p. 231), however, questioned and Raymond (1920) denied the existence 
of these structures and in order to decide the question Walcott 
requested Doctores E. O. Ulrich, R. Ruedemann and R. S. Bassler 
to examine the material and express their opinions on the described 
structures. In their report (Walcott 1921 p. 366) they do not main- 
tain the small epipodite (or endite) and exite (text-fig.15a) and this 
is also admitted by Walcott (I. c.), but they confirm Walcott’s observ- 
ations as to the larger epipodite. As pointed out in a preliminary 
paper (Stormer 1933), I cannot find sufficient grounds for maintaining 
this epipodite and below is given my results after having studied 
the single specimen in which they were noticed: No. 65515 (Walcott 
1918 pl. 20 fig. 3, 4, 1921 pl. 92 fig. 1—4, and Raymond 1920 text- 
ios o): 

The “epipodite” exhibited in No. 65515 (text-fig. 19) forms a 
jointed lobe of about the same shape and size as the preepipodites. 
The outline is symmetrical in the best preserved lobe, but has more 
of the typical preepipodite outline in the posterior lobes. The reasons 
given by Walcott and the Commitee for regarding the lobe as some- 
thing different from the common preepipodite demonstrated in a 
number of specimens, are chiefly: 1. The lobe has no minute 
anastomosing sub-imbricating “terassen” lines such as the common 
preepipodite (exopodite authors), 2. the lobe has a “carina” or line 
of stronger density running parallel to the edges and in several 
places the line carries short sete or denticles. 3. Instead of the blade- 
shaped filaments the edge of the lobe carries minute sete. 

The first point is of minor importance since the imbricated lines 
are also absent in other specimens and evidently indicate wrinkles in 
a soft test rather than true “terassen” lines of the type found in 
trilobites. The two other points and certain other features, are 
discussed below. 

The specimen is preserved in a special way indicating that the 
appendages were pressed by an ante-dorsal pressure causing a 
displacement of the limbs. As shown in the drawing text-fig. 19 the 
posterior “epipodites” are less symmetrical than the frontal ones, 
Suggesting that they were preserved under a different angle. The 
third coxa and telopodite have also a different direction than the 
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Fig. 19. The presumed “epipodites” in Neolenus ser- 

ratus (Rominger), Middle Cambrian. 32x. Drawn after 

specimen No. 65515 Coll. U. S. Nat Mus. Washington. 
cox=coxa, prpd=preepipodite, tlpd=telopodite. 


posterior ones. The two posterior “epipo- 
dites” have parallel lines indicated in the 
post-lateral part of the main lobe. The den- 
ticles or short sete (P) are regularly spaced 
along the inside of the “carina” on the frontal 
lobe and close-set outside the “carina” on 
the frontal lobe and close-set outside the 
“carina” and edge of lobe. My _ reasons 
(Stormer 1933) for regarding the described 
appendages as identical with the common 
epipodites are as follows: 

1. Both the outline and position of 
the lobe above the telopodites are characteristic of true preepipodites. 

2. The single specimen in which the structures are demonstrated 
has been subject to ante-dorsal pressure by which the fringe of fila- 
ments was more or less concealed below the shafts and probably 
may be traced in the oblique parallel lines crossing the shafts of 
some of the appendages. 

3. The median area bordered by the “carina” may be identical 
with the frontal rim of the preepipodite as demonstrated in Kootenia. 
The spaced “denticles” on the inside might then be interpreted as 
the furrows separating the “segments” of the rim. Close-set denticles 
are also traced along the rim in Kootenia and their absence in most 
specimens may be due to preservation such as the telopodite spines 
which are only exhibited along the borders. This explanation demands, 
however, a considerable compression of the lobe in a direction 
corresponding to the greatest width (diameter) of the lobe, but the 
characters found in the single specimen indicate these conditions. 

The restoration on text-fig. 20 indicates the structures of the 
limbs according to the author’s investigations of earlier descriptions 
and original specimens. It is to be remembered that the basal portion 
of the limb is not known in detail. 
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Fig. 20. Reconstruction of the appendages in two thoracic segments of 
Neolenus serratus (Rominger), Middle Cambrian. Ventral (above) and 
anterior (below) views. ax=axis, app=appendifer, cox=coxa, ds = distal 
segment of preepipodite, fil=gill-blades or filaments, pl=pleura, plsp= 
pleural spine, prcox=precoxa, prpd=preepipodite, st=sete or brisles, 
tlpd=telopodite, vm=ventral membrane. 


Triarthrus. 


The pyritized specimens of Triarthrus from the Utica Shale near 
Rome, New York, have become classical for the studies of trilobite 
appendages. Ruedemann (1926) has shown that the specimens de- 
scribed as T. becki Green actually belong to the species T. eatoni 
(Hall) and this name is therefore used in the present paper. 

The specimens of Triarthrus eatoni (Hall) are but slightly com- 
pressed in the black, compact, fine-grained shale. The chitinous test 
is replaced by pyrite which shows very well the fine details of the 
ventral structures. For many years Beecher was occupied in cleaning, 
in the most excellent way, the better specimens by means of rubber 
and polishing powder. The method of preparation is very efficient, 
but one has to bear in mind that joint-lines, only shown as faint 
fissures on the surface of the appendages, are easily destroyed by 
the rubbing and, therefore, may be overlooked in cleaned specimens. 
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Fig. 21. X-ray photograph of Triarthrus eatoni (Hall), 
Upper Ordovician, showing position of “biramous” 
appendages. 


An appendage may also appear too slender 
when more than half the thickness is rubbed 
away. 

During my stay in U.S.A., I had the 
opportunity of studying briefly the specimens 
cleaned by Beecher and to make the drawings 
shown in text-fig. 22. At Harvard University 
I had some X-rays photographs taken in order to demonstrate the 
mutual positions of tergites and appendages (text-fig. 21). Evidently 
new details could be obtained by photographing Beecher’s cleaned 
specimens on fine-grained X-ray film. Etching with flouric acid may 
also prove to be useful. 

The ventral structures of Triarthrus have been described and 
discussed in a number of papers. The more important results are 
published by Beecher (1895 a, 1896, 1902), Raymond (1920) and 
Walcott (1918, 1921). When examining carefully the extensive de- 
scriptions it becomes evident, however, that certain important details, 
pointed out in the description of the individual specimens, have been 
neglected in the final reconstructions and, therefore, are little kown 
to the students of paleontology. On the other hand, certain charac- 
ters demonstrated in the reconstructions are not known in details 
and may also have been reconstructed in a different way. 

The ventral structures demonstrated in Triarthrus, comprise 
besides the hypostoma, the metastoma, the sternites, the anal opening(?), 
the antennz and the appendages of thorax and pygidium. The three- 
lobed metastoma is situated just behind the hypostoma between the 
frontal biramous appendages. Beecher (1902) demonstrated imprints 
of the delicate ventral integument and showed that the membrane 
below the pleurz (not pleuro-sternites) were smooth, while the ster- 
nites (mesosternite of Beecher) had about three pairs of oblique 
longitudinal ridges in each segmental “ring”. He regards the ridges 
as apodemes serving as muscle attachments and assumed that it was 
similar structures which Jaekel (1901) explained as basal segments 
of appendages. It is possible that the ridges may serve as support 
of the thin test in a way of “corrugated plate structure” as is found 
in the dorsal shell of many trilobites. 
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An anal plate with an anal aperture was described by Beecher 
and Raymond (1920 p. 44), but as mentioned by Walcott (1921 p. 416) 
the structures are not clear and the presumed anal plate may only 
be part of the ventral integument squeezed backwards. 

The antenne are multi-jointed and flexible and generally curved 
forwards in a lyriform fashion. The basal, oblong segment of the 
uniramous appendage is attached near the lateral border of the 
hypostoma. The 40—50 distal segments are much shorter than the 
basal segment. 

The biramous appendages of cephalon, thorax and pygidium 
are preserved in a number of specimens. Thanks to the more plastical 
preservation, however, we rarely get one appendage completely 
exposed from one side such as in Neolenus. During the cleaning 
process, parts of the exposed appendages are always removed and 
the appendages generally appear too narrow. Raymond (1920 p. 42) 
points out that “the gnathites of the cephalic appendages are much 
less like the endobases under the thorax than Beecher earlier thought”. 
The difference, however, may to a certain extent be due to the 
cephalic “gnathites” being directed more forwards and therefore have 
their flat posterior surface exposed. In discussing the thoracic appen- 
dages it is necessary also to mention the cephalic appendages con- 
cerning the presence of a precoxa. 

The thoracic appendages. In his earlier paper from 1894, 
Beecher demonstrated the biramous appendages, but only the distal 
portions of the coxee were preserved in the specimens at hand. 
This evidently, caused Beecher to assume that the coxa was attached 
at a small area of the ventral membrane below the axial furrows. 
When more material was provided the longer median portion of the 
coxa was demonstrated (Beecher 1895 a) and this inward prolongation 
was regarded by Beecher as a free median lobe although there was 
no real base for such an interpretation. The assumption of a long 
median process, a basendite, is maintained in the later reconstruc- 
tions of Raymond (1920 fig. 10), Walcott (1918 pl. 32, 34, fig. 4—7; 
1921 fig. 21, 22), and others; only Eriksson (1934 p. 257) has seriously 
doubted its existence, a view also confirmed by the present studies. 

Concerning the basal portion of the appendages, I have not 
specially studied the original specimens, but the photographs and 
drawings published by Beecher (1902) and Raymond (1920) indicate 
certain features which, in connection with the results obtained from 
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the studies of Ceraurus, suggest an interpretation of the basal portion 
of the limb as presented in text-fig. 23. Specimens 216! and 219 
show the thoracic appendages in anterior-ventral view exposing 
different depths of the coxe. Text-fig. 22d depicted from Beecher’s 
photograph (I. c. pl. 4), of No. 219, illustrates how the proximal 
portion on the right side (left in text-fig.) deviates considerably from 
the more ventral portion exposed on the left side. The broad paral- 
lelogram-shaped portion on the right side is divided by a longitudinal 
line into a medio-basal portion and a lateral portion with the typical 
coxa with the telopodite attached at the distal end. A similar division 
is found in No. 216, but less distinct. The medio-basal portion seems 
to lie above the coxa and to have the the gill-branch attached on 
the median side of the axial furrow. The structures described cannot 
be interpreted as folds in the ventral integument (the folds appear 
as longitudinal structures in Walcott’s fig. 14 pl. 104, 1921) and the 
directions correspond to the direction of the coxee and not transverse 
like the segmental joints. It is therefore probable that the basal 
portion represents a precoxa and the gill-branch attached to it 
consequently a preepipodite as in Ceraurus. It appears from the 
drawing that the basal portion is situated below and median to the 
axial furrow and the basendite of the coxa therefore reached but 
slightly beyond the median border of the basal segment. The as- 
sumption of a long median basendite cannot be maintained and the 
spines are also doubtful since they are traced only in one specimen 
(Walcott 1921 p. 416). 

A specimen figured by Walcott (1918 pl. 29, fig. 2,3 and 1921 
pl. 95, fig. 22, 23) also indicates a division of the basal portion and 
the gill-branch attached to a precoxa. 

The coxal portion of the cephalic appendages also show traces 
of a segment proximal to the coxa. Beecher (1895a p. 95—96) 
mentions that the coxa of the appendages increase in relative strength 
from the pygidium towards the mouth, and Raymond (1920 p. 42) 
points out that the gnathites of the cephalic appendages were much 
less like the endobases under the thorax than Beecher earlier thought. 
It is interesting to notice that in most of Raymond’s photographs 
(Nos. 211, 214, 215, 217) of the cephalic coxe, preserved in post- 


1 Unless othervise stated the Numbers of specimens of Triarthrus and Crypto- 
lithus refer to the Yale University Collections at Hew Haven, Conn. U.S.A. 
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Fig. 22. Appendages of Triarthrus eatoni (Hall), Upper Ordovician. Distal 
portions of preepipodites (a—c) and basal portion of appendages (d). 21 x 
and 3,5 <x. a—c drawn from specimens No. 220 (a, b), 221 (c) and 219 (d) 
Coll. Peabody Mus. Yale Univ. New Haven, d drawn after photograph 
published by Beecher. 


ventral view, a faint transverse line indicates a separate basal portion 
which may be interpreted as a basal segment, a precoxa. 

A study of the published photographs indicates strongly that 
the thoracic appendages of Triarthrus probably had a 
precoxa to which the preepipodite was attached. 

The telopodite consists of seven segments of which the distal 
one apparently is represented by the median of the three distal spines 
or claws. Triangular endites are very conspicuous (if not ground 
away during the cleaning) especially on the posterior telopodites and 
the portions of the telopodites covered by the dorsal shell. In the 
pygidium the endites make the segments even deeper than long. 
But also the frontal thoracic legs bear endites, though less pronounced 
and present only on the three proximal segments. The segments 
were provided with spines or sete as shown by Raymond. 
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As indicated in earlier reconstructions, the main bend of the 
telopodite is found at the third segment which is shorter than the 
second and fourth. The fifth and sixth segments are more narrow 
and shorter than the more proximal ones and resemble in this respect 
the same segments in the legs of Neolenus. 

The length and position of the telopodites are demonstrated in 
many specimens and may be studied in the x-ray photograph in 
text-fig. 21. The telopodite was a little more than twice as long as 
the pleura, and had a transverse position with the distal portion 
curved slightly backwards. In life, the walking legs evidently were 
directed somewhat backwards. 

The preepipodite (=exopodite or epipodite of earlier authors) 
{ have especially studied in the original specimens and a reconstruc- 
tion of the distal portion of the gill-branch was given i my preliminary 
paper (1933 fig. | b). 

The attachment of the preepipodite is not well shown in the 
specimens. Raymond (1920 p. 155) assumed that the appendage was 
attached both to the coxopodite and basipodite since the proximal 
portion of the the appendages always shows the two branches close 
to each other. Specimen No. 204, (I. c. text-fig. 42 and Walcott 1921 
text-fig. 23), on which he particularily bases his opinion, only shows 
that the preepipodite lies just above and on the telopodite, and a 
connection with the basipodite is very unlikely from a general point 
of view. The specimen on text-fig. 22d, redrawn after Beecher, 
indicates that the preepipodite continued beyond the axial furrow 
and was attached to the basal portion of the appendage above the 
middle portion of the coxa. Although the structures are not quite 
distinct, the gill-branch seems to be attached to a precoxa as mentioned 
above. 

The shaft of the preepipodite has not a larger proximal segment 
as shown in Beecher’s and Raymond’s reconstructions, but is built 
up by numerous, short cylindrical “segments” separated from each 
other by somewhat oblique joint-lines, forming together a slender, 
_ slightly curved shaft almost as long as the telopodite. The segments 
are provided with short sete along the anterior border. As described 
both by Raymond (1920 p. 156) and Walcott (1918 p. 141, 1921 p. 415), 
(but not demonstrated in their reconstruction), the shaft terminates 
in a blunt spoon-like segment along the frontal margin of which a 


crenulate rim or ridge forms a continuation of the segmented shaft 
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Fig. 23. Reconstruction of the appendages in two thoracic seg- 
ments of Triarthrus eatoni (Hall), Upper Ordovician. Ventral 
(above) and anterior (below) views. ax=axis, axf= axial furrow, 
cox=coxa, ds=distal segment of preepipodite, fi/=gill-blades 
or filaments, pl=pleura, - prcox=precoxa, prpd—=preepipodite, 
tlpd=telopodite, vm=ventral membrane. 


(Stormer 1933 text-fig. 1b). The distal portion of the shaft is well 
shown in text-fig. 22a—c. The terminal portion has a longitudinal 
furrow or groove which continues as such along the posterior margin 
of the shaft. The filaments forming the broad fringe are inserted 
in this groove. As shown in text-fig. 22 and illustrated by Walcott 
(1918 pl. 29, fig. 2,3, 11) and Raymond (1920 p. 3, fig. 6), the gill- 
blades were attached at an oblique angle so that the distal ones are 
more or less covered by the terminal spoon-shaped segment serving 
as an “operculum”. 

The blade-shaped filaments, which evidently were somewhat 
flexible, wert arranged like the teeth in a comb with the larger sur- 
faces facing each other. The filaments were hardly more cylindrical 
at their base and the width was apparently about 4; the thickness. 
The gill-blades had a shallow median groove and were provided with 
short, thin setee of which those at the distal blunt ends of the fila- 
ments were the more conspicuous text-fig. 22 a—b). 
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The mutual position of succeeding preepipodites is not well 
demonstrated in the prepared specimens. In 214 (Raymond 1. c. pl. 3, 
fig. 6) and 221 (i. c. pl. 5, fig. 5) (text-fig. 22 c), the appendages are 
out of position, but it is probable from the position of the inturned 
preepipodites, that the broad fringes, usually ground away during 
the cleaning, covered each other so that only the frontal portions 
were visible in ventral view just as in Neolenus. 

Walcott considered he had found an extra epipodite in the 
appendage of Triarthrus, but it was challanged by Raymond, and 
Walcott (1921 p. 424) maintains it in his last restoration only “as a 
tentative suggestion”, and since there are no real evidence for its 
existence it has to be omitted in the present reconstruction (text-fig. 23). 


Cryptolithus. 


The black shale with Triarthrus also contains specimens of 
Cryptolithus tessellatus Green. For many years Beecher was occupied 
in cleaning the thirteen pyritized specimens with the appendages 
preserved. He was able to excavate certain specimens both from 
the dorsal and ventral side leaving only a paper-thin object mounted 
in Canada Balsam. In his single publication on the specics, Beecher 
(1895 b) gives valuable information on three specimens, but the bulk 
of the material was not known until Raymond (1920) presented 
detailed descriptions and good illustrations of the interesting form. 

Although several points, such as the cephalic appendages, the 
proximal portion of the appendages, and the shaft of the preepi- 
podite, are practically unknown, the specimens exhibit many impor- 
tant details not so well exposed in other trilobite limbs. Raymond 
(I. c. text-fig. 20) presents a good restoration of the ventral surface 
of the species (unfortunately the first pair of thoracic appendages 
are left out), but the present studies suggest that the gill-blades were 
longer and that the shaft of the preepipodites had a distal “opercular” 
segment as mentioned below. 

The antenne were slender and had oblong segments instead 
of the short ones found in the other genera. The uniramous append- 
ages are directed backwards and were evidently attached below the 
dorsal antennuary pits (Raymond l.c. p. 159). 

_ The thoracic appendages. The coxa is shown in specimen 
No. 233 to be narrow and short (l.c. pl. 7, fig. 1, text-fig. 45). In 
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the appendages preserved on the left side, the narrow coxa originates 
just in front of the deep appendifer and a small piece may be 
explained as a possible part of a precoxa. Cryptolithus hardly 
possessed powerful cox with distinct endobases since such structures 
evidently would have been traced in the specimens. The length of 
the coxa is smaller than of each of the succeding segments of the 
telopodite. 

The telopodite is strongly bent in the preserved specimens 
and the fourth segment forms a “knee” or patella. The telopodites 
are said to have six segments of which the distal one terminates in 
tufts of spines, but Beecher’s drawing (Raymond I. c. text-fig. 45) 
shows plainly a terminal claw, a seventh segment, between the 
slender spines. Intersegmental membranes are visible between the 
distal segments. The length of the different telopodite segments is 
not so easy to establish, but the first, second and fifth seem to be 
shorter than the third, fourth and sixth. Prominent triangular endites, 
provided with tufts of spines, are found on the fourth and fifth seg- 
ment of the thoracic telopodites, but probably occurred on more 
segments in the small appendages of the pygidium. The first and 
second segment have close-set spines mounted on lobes and directed 
medially near the proximal joint-line. These structures suggest an 
interesting link between the typical endites perpendicular to the lobe 
and the basendite which almost forms a median prolongation of the 
length of the coxa. As in Neolenus, the endites and accompanying 
spines seem to be medio-ventral in the proximal portion of the limb, 
ventral in the middle, and latero-ventral in the distal portion. 

The preepipodite is not well-known, but parts of the very 
broad fringe are exposed in most of the specimens. The appendage 
evidently consisted of a long, slender, multi-segmented shaft to which 
a broad fringe of gill-blades was attached just as in Triarthrus. The 
shaft is not well exposed, but Raymond (Il. c. p. 161) mentions 
numerous short segments in the shaft of No. 235. In the earlier 
descriptions and restoration of Cryptolithus, the distal portion of the 
Shaft is evidently not correctly interpreted. Both Beecher and Ray- 
mond mention the presence of “a regular succession of flattened, 
oval bodies armed with numerous forward-pointing spines” in the 
posterior part of the body. The plates which are explained as “leaf- 
like exopodites” or rather the outer halves of them, are shown in 
235 (l.c. pl. 7, fig. 2, pl. 9, fig. 1), and also in 238 (I. c. pl. 8, fig. 4, 
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Fig. 24. Gill-blades or filaments of Cryptolithus tessal- 

latus Green, Upper Ordovician. 24. Drawn after \ 

specimen No. 236. Coll. Peabody Mus. Yale Univ. \ 

New Haven. ds = distal segment (?) of preepipodite, 
fil=gill-blades or filaments. 


text-fig. 46). Both in position and shape the by 


flattened bodies correspond closely to the y)) | 
distal spoon-shaped segment in Triarthrus Ky) 3 
and are obviously homologous with those. ,/7 Jy) 4) | 
In the thoracic region the terminal segments ne a 
are somewhat different, being more elongate 
almost like the filaments (text-fig. 24), but 
their spiniferous margin and position at the distal end of the fringe 
show them to be the same as the plates in the posterior portion 
of the body. The distal segment forms a kind of “operculum” which 
protects the filaments. It is distinctly angular to the direction of 
the shaft and therefore differs somewhat from the distal segment in 
Triarthrus. 

The fringe of gill-blades attached to the shaft is very prominent. 
Specimen 235 (Raymond 1920 pl. 9, fig. 2) shows the length of the 
longest filaments to be equal to the length of four thoracic segments. 
(The length of the shaft is difficult to establish, but in 231 the fila- 
ments reach the lateral border of thorax.) The filaments are very 
well preserved and the specimens show definitely how the filaments 
are partly curved and twisted, indicating their flexible nature. Each 
filament is blade-shaped, evidently up to the base according to 
specimens. The thickness of the blade-shaped filaments seems to be 
4 to 1s the breadth. A shallow median groove is found on the sur- 
face of the blades. The distal point is well rounded and provided 
with a distinct terminal spine (I. c. pl. 9, fig. 2) and spines occur also 
on other parts of the filaments. 

The structures in Cryptolithus show very clearly that the fila- 
ments are blade-shaped and attached to the shaft of the preepipodite 
like the teeth of a comb and not like rows of cylindrical bristles 
or sete. 

The position of the appendages in the specimens of Cryptolithus 
is interesting. The telepodites are strongly curved in the distal portion 
and the position in preserved state indicates that this part was 
directed downwards and slightly backwards in the thorax and pygi- 
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Fig. 25. Reconstruction of the appendages in two thoracic 
segments of Cryptolithus tessellatus Green, Upper Ordovician. 
Ventral (above) and anterior (below) views. 

Letters as in text-fig. 23. 


dium during life. The position of the preepipodites is often difficult 
to make out, but in general it seems to have been as shown in the 
restoration (text-fig. 25). The distal portion is bent in ventral direction 
occupying the space outside the curved telopodites. The space above 
the preepipodites may have been closed when the distal portion of 
the branch was lifted and the “opercular” distal segment was kept 
vertical against the ventral membrane or against the nearly vertical 
lateral borders of the pleurotergites of this form. No. 238 (Raymond 
l.c. text-fig. 46) shows a peculiar arrangement of the preepipodites. 
They are directed forward, but at the same time overlapping so the 


posterior border of the fringes are exposed in ventral view (comp. 
Ser. C of Ceraurus p. 189). 
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Tsotelus. 


The specimens of /sotelus maximus (Locke) and Isotelus latus 
Raymond were among the earliest known trilobites which showed 
remains of the appendages. The structures are described and discussed 
by Walcott (1918, 1921) and Raymond (1920). The specimens are 
not well preserved, but the powerful coxz are very distinct. In 
Walcott’s (1918 pl. 25) drawing of Jsotelus maximus, very short 
basal segments of the telopodites are indicated. The short segments 
are not shown in Raymond’s restoration (1920, text-fig. 9) and not 
in the published photographs, which on the contrary indicate a 
“normal” length of these segments. The telopodites are slender and 
directed obliquely forwards. In outstretched position they would 
reach just beyond the lateral margin of the tergites. Preepipodites 
have not been shown definitely, but Walcott (192! p. 430) who has 
Studied the type specimen, assumed to find markings of fimbriz 
above the telopodites. 


Phacops and Asteropyge. 


In two papers, Broili (1929, 1930) gives interesting information 
on the structures of the appendages in two trilobite-genera from the 
well-known Lower Devonian Hunsriick Shale of Bundenbach in 
Germany. The chief importance of the finds lies in the fact that 
these late representatives of the trilobite stock seem to have had 
the same types of limbs as the Cambrian and Ordovician forms and 
thus point out the conservatism of the general plan of construction 
of the trilobite legs. 

The ventral appendages are preserved in pyrite and to some 
extent also silicified in the black shale, not unlike the shales with 
Neolenus and Triarthrus. Three specimens of Phacops and one of 
Asteropyge has been described and an additional specimen of Phacops 
is described below. 

The specimen shown on pl. 12, fig. 1, 2 and text-fig. 26, (No. A 
24413 of Pal. Mus. Oslo Coll.) was purchased through Mr. G. Korff 
in Hanau, Germany. Cleaned from the ventral surface, the pyritized 
limbs are well exposed below the thorax and pygidium. In order to 
reveal structures still concealed in the matrix, the specimen has been 
studied by means of x-rays, a method applied for several different 
Hunsriick-fossils by Richter, Lehman (1938) and others. Through the 
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kindness of Dr. J. Friman Dahl, x-ray photographs (pl. 12, fig. 2) were 
taken at the Red Cross Hospital in Oslo. Stereoscopic x-ray photographs 
did not give particularly good results on account of the considerable 
compression of the specimen. The x-ray method has proved very 
useful in showing one of the unexposed antenne and especially in 
establishing the position of the ventral appendages in relation to the 
dorsal shell. A direct photograph (pl. 12, fig. 1) was taken with good 
results by using dark red filter by which the brown pyritized limbs 
are well shown. 

In the x-ray photograph the cephalon with the lateral eyes 
(even with the facets visible) and eleven thoracic segments, are very 
distinct. The specimen is slightly laterally compressed so it appears 
to be exposed partly from the left side in ventral view. In the axial 
region the strong appendifers form ventral outgrowths in the arti- 
culating furrows at a distance from the axial furrows like ‘ls the 
breadth of the axis. The appendifers are shown also in specimens 
figured by Broili (1930 pl. 22, fig. 1, 2, but they are not depicted in 
the drawing text-fig. 2). 

The ventral structures are not so well exposed in the cephalic 
region where larger quantities of pyrite are precipitated. The elongate 
fragments below the glabella probably belong to the hypostoma. 
It occurs to me that the presumed “parasitic worm” described by 
Broili (1930) in the cephalic region of Phacops may also represent 
the outline of a distorted hypostoma. 

Parts of the metastoma are evidently preserved beyond the 
hypostoma which covers (in ventral view) the anterior portion of 
the postoral plate. The metastoma resembles the structures described 
by Broili (1929). The anterior portion is not distinctly preserved, 
but the posterior portion has a subtrapetzoid outline with a post- 
median process. Postlateral points are not visible. The metastoma 
covers the structures posterior to it, structures evidently belonging 
to the basal portion of cephalic limbs which, therefore, lie slightly 
dorsal to the posterior margin of the metastoma. 

The distal portion of the right antenna is shown in the x-ray 
photograph (pl. 12, fig. 2). The exposed portion of the flexible 
uniramous appendage has a length corresponding to the length of 
the cephalon and about 28 short annulations may be counted. In 
Asteropyge the antenne was 7 the length of the body. 
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Fig. 26. Appendages of Phacops sp., Lower Devonian, 4/;= and 3,7 x. The draw- 
ing is based partly on x-ray photographs (pl. 12, fig. 2) of the specimen No. A 24413 
Coll. Pal. Mus. Oslo. Structures of the dorsal shell are marked with dotted lines. 
The posterior appendages are not depicted. b, c show details of distal portion of 
telopodites. 3—7=segments of telopodite, an=antenna, app=appendifer, 
cl=distal claw, Je=lateral eye, mts=metastoma. 


Of the cephalic limbs only traces of the two posterior pairs 
are preserved. The basal portion of the supposed third limb is shown 
on the right side behind the metastoma. It seems to have been 
directed forwards not outwards like the last cephalic limb of which 
the proximal and distal portions are exposed on the right side. 
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Apparently the distal five (?) segments on the left side also belong 
to the last pair of cephalic appendages. Since the appendages are 
often strongly curved, it is difficult to figure their point of attachment 
when the proximal portion of the appendage is not preserved. In 
the specimen first described by Broili (1929) it is difficult to establish 
the exact number of cephalic limbs, but it is hardly more than two 
pairs of the larger limbs preserved. 

The two posterior pairs of cephalic appendages in the present 
specimen evidently correspond to the axial processes of the well- 
marked posterior glabellar furrows and the similar pits in the occipital 
furrow. As pointed out by Opik (1937 p. 84) the two frontal pairs 
of cephalic limbs may have been smaller and more delicate since 
they lack stronger axial processes. 

The thoracic appendages. The~telopodites are well 
exposed and the preservation permits a study of many finer details. 
The preepipodites known in specimens described by Broili, are not 
exposed. The telopodites are preserved in a characteristic way 
known in earlier specimens of Phacops and Asteropyge and also in 
specimens of Cryptolithus: The distal half of the legs are bent 
inwards and backwards so that this part of the legs in life was 
evidently directed downwards and slightly backwards except in the 
anterior portion of the body where the appendages were spread out 
in a more radial arrangement round the mouth region. 

In the present specimen the powerful walking legs may be 
studied in full length. Although the preservation demonstrates many 
minute details, it is difficult to trace the different joint-lines separat- 
ing the segments of the telopodites. Often crossing fissures may be 
mistaken for real joint-lines and only a careful study of each append- 
age may distinguish the accurate outline and position of the joints. 
Text-fig. 26 shows the outline of most of the preserved thoracic 
appendages. With regard to the shape and size of the different 
segments, the appendages are mutually quite alike. The elongate 
telopodites diminish but slightly towards the distal claw and the 
proximal segments have a width about 7s the width of the pleuro- 
tergites. In outstretched position, the three distal segments extend 
outside the lateral borders of the tergites. Broili mentions (1929 
p. 77) that the telopodites seem to be attached below the pleuro- 
tergites, but the present specimen shows that the limbs were 
attached below the appendifers just as in other known 
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trilobite species. The two anterior thoracic appendages on the right 
Side, especially the first one, may be traced even further than the 
corresponding appendifer. The proximal portion of the limb is only 
Shown in outline so it is not possible to decide the presence of a 
precoxa. The elongate basal portion of the limb, the probable pre- 
coxa and coxa, have a length equal to the two following segments 
together. The first and second telopodite segments have a parallelo- 
gramatic to rectangular outline and are provided with small spines. 
The third segment, occurring at the strongest bend of the telopodite, 
differs from the proximal ones in being considerably shorter, and 
the outline appears trapezoidal, but this is chiefly due to the partial 
covering by the second segment on the ventral side. This and the 
following fourth segment are provided with bunches of spines with 
a ventro-distal direction. As shown in text-fig. 26c, the spines are 
not only attached along the ventral border as the compressed speci- 
mens of Neolenus may suggest, but originate along the sides. The 
fourth and fifth segments are of equal length and have a row of 
denticles along the distal margin. The fourth and fifth segments are 
rectangular to parallelogramatic in outline, the latter somewhat more 
narrow and apparently without powerful ventral spines. The sixth 
segment is well exposed in several of the appendages preserved and 
in text-fig. 26 b,c this and the terminal seventh segment may be 
studied in greater detail. The sixth segment, seen in dorsal view (b), 
is much shorter than the fifth and has a nearly quadratic outline. 
In more lateral view (c) the segment is more trapetzoid, with the 
dorsal margin longer than the ventral, the width increasing distally 
towards the concave joint-line. Along the distal joint-line the segment 
is provided with a row of distinct flat, blunt scales or denticles. 

As in Neolenus and Triarthrus, the limb has a tripartite distal 
portion. In the present specimen, three diverging spines are indicated 
on the last cephalic appendages on the left side, and on the fifth 
and sixth thoracic appendages which are magnified on text-fig. 26 b. 
A stronger median claw and two smaller and more narrow lateral 
spines, form the terminal portion of the telopodite. The strong 
median claw has a broader basal portion. An unique preservation 
is found in the sixth appendage on the right side (c). The main 
claw and one of the spines are preserved in lateral view. The claw 
is broader than thick and the ventral surface seems slightly concave. 
The claw did not articulate directly to the sixth segment; a curved 
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basal portion articulated to a basal plate of a more rhombic outline. 
Similar structures are apparently found in recent arachnids where 
distal claws articulate to a small talon or pseudonychium, forming 
the true distal segment (p. 249). The found structures show that 
the distal claw in the trilobite telopodite evidently be- 
longs to‘a separate seventh segments 
The powerful distal claw with its concave ventral surface, 
probably served as a useful digging organ and, by bending the claw 
towards the basal plate, it may even have served as an imperfect chela. 
The telopodites of the pygidium are only partly preserved (not 
depicted in the drawing text-fig. 26a), but they seem to have been 
like those of the thorax, but the segments are shorter and perhaps 
more spiniferous. Endites are present in the posterior part of the body. 
As shown by Broili, the preepipodites were located above 
the telopodites and certain specimens demonstrate the considerable 
length of the gill-blades which were probably attached to a slender shaft. 
The structures found in Phacops and Asteropyge are quite 
similar to those found in Cambrian and Ordovician trilobites and 
thus point out the conservatism of the trilobite appendage as pointed 
out by Raymond (1929). 


General Structure of Trilobite Appendage. 


The preceeding descriptions and discussions allow us to draw 
several new conclusions with regard to the structures of the thoracic 
limbs. The material at hand comprises a number of different genera 
(text-fig. 27) from three geological formations and thus is able to give 
a good impression of the trilobite appendage in general, apart from 
the special generic characters. 

The attachment of the appendage. The limb was attached 
to the ventral integument below the lateral '/4 of the axis. The actual 
area is only demonstrated in Ceraurus, but the preserved structures 
in other genera (Neolenus, Triarthrus and Phacops) indicate the same 
conditions. The appendages were attached in the anterior half of 
each thoracic segment, evidently in relation to the appendifers to 
which the basal segment of the limbs were connected by muscles. 

The precoxa. Specimens of Ceraurus have demonstrated the 
presence of a short extra segment — a precoxa — between the 
ventral integument and the coxa. Since the same structures are 
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indicated in the better known genera Neolenus, Triarthrus and 
possibly Cryptolithus, it is highly probable that the precoxa is charac- 
teristic of the trilobite legs. 

The coxa. The second segment has a triangular outline and 
is prominent in all species except in Cryptolithus. The shape and 
articulation of the segment in Ceraurus show that it represents a 
coxa and not a trochanter (or basipodite). The present studies have 
shown that a basendite is but feebly developed in the trilobite coxa. 
The basendite does not form an elongate median lobe, but has the 
same general characteristics as the endites of the telopodite, only 
that the basendite is directed more medially. 

The telopodite. The walking leg, forming the ventral or 
median branch of the biramous trilobite appendage, consists of seven 
segments, the last one represented by the distal claw evidently 
articulated to a short basal plate. The six proximal segments are 
sub-cylindrical with somewhat flattened sides, and the ventral margin 
often embossed into triangular endites. The endites occur on the 
two to four (in the posterier legs even more) proximal segments, 
and are provided with spines or bristles which, however, also may 
be distributed on the flattened sides of the segments and on the 
distal margin. In certain genera (Neolenus and Cryptolithus), it is 
significant how the endites and especially their bristles change from 
ventro-lateral into more median directions from the distal segments 
of the telopodite towards the median margin of the coxa, indicating 
a common nature of all these segments. The telopodite tapers 
gradually in width towards the distal point. The six tubular segments 
are mutually much alike, but the fifth and sixth often more slender and 
the sixth is decidedly shorter than the others. In certain genera 
a shorter third segment is more or less conspicuous. The telopodites 
were kept outstretched or more or less curved with the distal portions 
evidently in a postventral direction. A special knee is not significant, 
but, as a general rule, the main flection is found between the third 
and fourth segments. In Phacops and to some extent in Triarthrus, 
the third segment forms some kind of a “patella”, but in Cryptolithus 
rather the fourth segment forms the knee. It is possible that the 
comparatively broad trilobites (e. g. Cryptolithus) were more “broad- 
gauged” than the more narrow forms and that a special knee had 
not become a fixed character among the trilobites. 
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Fig. 27. Uniformity of trilobite appendages. Basal segments with telopodite to the 

left and preepipodite to the right. a= Phacops (Devonian), b—b,=Ceraurus (Ordo- 

vician), c—c,= Neolenus (Cambrian), d—d, = Triarthrus (Ordovician), e—e,= Crypto- 

lithus (Ordovician). 1—7=segments of telopodite, cox=coxa, ds=distal segment of 
preepipodite, prcox =precoxa. 


The preepipodite. The dorsal or lateral branch — the gill 
branch — of the limb, is especially characteristic of the trilobite 
appendage. As a general rule, the preepipodite is considerably 
shorter than the telopodite and restricted to the space below the 
pleure. Triarthrus forms an exception in this respect in having 
long gill-appendages extending beyond the lateral borders of the 
thorax. 

The study of Ceraurus has shown that the preepipodite was 
attached to the precoxa. Since this condition is also indicated in 
Triarthrus, it was probably the case in other less satisfactorly preserved 
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trilobites. The gill branch comprises an elongate shaft to which a 
fringe of filaments or gill-blades was attached. As shown in text-fig. 27, 
all the better-known genera have the shaft divided into numerous 
subsegments. The elongate shaft is narrow and annulate in certain 
(later P) genera (Triarthrus, Cryptolithus, Phacops and Asteropyge) 
and broad lobe-like in other (earlier?) genera (Neolenus, Kootenia 
and Ceraurus). In the two broad-shafted genera Neolenus and 
Kootenia, an anterior ridge contains numerous subsegments and 
thus seems to be homologous with the narrow shaft in the other 
group. An anterior ridge is also indicated in the shaft of Ceraurus, 
but here the whole width of the shaft is divided by a few distinct 
joints possibly comparable with the faint crossing lines in the shaft 
of Kootenia. 

An important common characteristic is the presence of an extra 
distal segment (ds) which may be distinguished in all genera except 
Ceraurus. The distal spoon-shaped segment had an anterior rim 
forming a continuation of the annulated rim on the main shaft. The 
distal segment bears no gill-blades, but is provided with thin bristles 
or sete. 

The posterior border of the main shaft carries a broad fringe 
of blade-shaped filaments. Ceraurus deviates from the other known 
genera (Neolenus, Kootenia, Ptychoparia, Triarthrus and Cryptolithus) 
in having filaments only on the distal segment (evidently not homo- 
logous with the distal segment in the other genera). The blade-shaped 
filaments which are quite similar in all genera, are inserted in the 
shaft, like the teeth in a comb, with the broad sides facing each 
other. The gill-blades have in better preserved specimens a cylin- 
drical bristle at their blunt ends. The preepipodites are found to 
have their filaments directed backwards with the posterior margin 
covered (in ventral view) by the following preepipodite, but certain 
specimens of Ceraurus and one of Cryptolithus indicate that the 
fringes might be turned forwards as in many specimens of Marrella 
described below. 

The present brief review has shown that in spite of 
systematic differences, the thoracic appendages of the 
known trilobite genera exhibit the same general plan of 
construction and are closely similar with regard to the 
most characteristic structures. 
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The uniformity in the fundamental structures allow us to speak 
of a “trilobite limb” as a constant and charateristic type of an 
arthropod appendage. The conservatism of the “trilobite limb” is 
evident from the fact that it is found in species from Middle Cam- 
brian, Ordovician and Lower Devonian, thus ranging through a space 
of time amounting to some 100—150 million years. 


Function of Trilobite Appendage. 


Considering the functions of the appendages, it seems useful to 
deal separately with the coxal.portion, the telopodite and the pre- 
epipodite. 

The coxal portion. The precoxa served as a basal segment 
permitting considerable movement forwards and backwards. The coxa 
had a similar movement and formed a solid base of the free walking 
leg or telopodite. In earlier reconstructions the coxa always carried 
a long median endite provided with spines. This led several authors 
to regard the basendites as comparable with the endites of the 
branchiopod crustaceans, and thus being capable of carrying the food 
forwards towards the mouth. The present studies have shown that 
the coxa had no prominent endite and therefore evidently had no 
such functions. The main function of the coxa was evidently to 
furnish a firm base of the telopodite and with its flat postlateral lobe 
to protect the basal portion of the preepipodite. 

The telopodite. Its primary function was as a walking leg 
applied when the trilobite crawled on the bottom. Raymond (1920 
p. 71) also suggested swimming and burrowing functions and the 
ability of gathering food. Recent studies on Phacops and Asteropyge 
and earlier investigations on Cryptolithus have demonstrated that 
the telopodites in several cases are strongly curved so that their 
distal portions are directed ventro-medially and slightly backwards. 
The present studies on Ceraurus have shown quite clearly that the 
two branches of the biramous trilobite limb are not acting together 
as has been previously presumed, but have independent functions. 
Concerning the swimming it is probable that the telopodites were 
important organs also for this purpose. By rhythmic strokes of the 
curved telopodites the trilobite might have been able to swim, evidently 
on its back (comp. Stormer 1934 p. 64). The characteristic triangular 
setiferous endites, found especially in the posterior appendages of 
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many trilobites, probably were adaptions for swimming. That the 
endites were not organs for digging or crawling, is shown by their 
presence in typical planktonic forms such as Marrella (Walcott 1931). 

A digging function has been deduced from the general con- 
ception that certain trilobites such as Cryptolithus, were burrowing 
forms. The burrowing habitat of the trinucleids is, however, less 
probable (Stormer 1930), but, on the other hand, the digging function 
of the trilobite telopodite is expressed in the spatulate distal claw 
of Phacops (text-fig. 26), a claw which probably was well adapted to 
digging in the mud and sand just like the flat spines of the hind 
legs of Limulus. 

The primary function of the trilobite telopodite was that of 
walking and crawling, but, at the same time, it served as a useful 
swimming and digging organ. 

The preepipodite. Already in his earlier description of the 
slides of Ceraurus and Calymene, Walcott (1881) tried to explain 
the peculiar filamentous appendages indicated in the sections. Al- 
though little real information was obtained on the structures of these 
appendages, he interpreted the filaments as belonging to branchial 
appendages. Beecher (1896 p. 255) states, from his studies on 
Triarthrus and Cryptolithus, with some reservation, that the pre- 
epipodites (exopodites) were made up of lamellar elements present- 
ing “a large surface to the external medium and, partook of the 
nature of gills”. Walcott (1918 p. 164) is also somewhat in doubt 
concerning the branchial function of the filaments, but Raymond 
(1920 p. 70) says: “the chief function was that of acting as gills, for 
which the numerous thin flattened or blade-like sete are particularly 
adapted”. Richter (1926 p. 310) referred a branchial function only 
to the thin membrane below the pleure and possibly to soft out- 
growth on the legs just as in many crustaceans. 

Both Beecher, Walcott and Richter, regarded the preepipodite 
as a swimming organ homologous with the swimming-branch (exo- 
podite) of the typical biramous crustacean limb. Raymond (I. c. 71, 76) 
objected, however, to this interpretation and pointed out that the 
mutual position of succeeding preepipodites prevents free swimming 
movements of the filamentous fringes. Specimens of Neolenus, in 
particular, show that the preepipodites could hardly be used in the 
same way as the leaf-like appendages of branchiopods, Limulus-larve 
and eurypterids (comp.the reconstructions, text-figs.20, 23, 25 and pl. ks 
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(A forward direction of the gill-blades. in certain trilobite specimens, 
e.g. Ser. C. of Ceraurus, indicates, however, that the preepipodite, 
were able to considerable movements also round its axis.) 

From studies on branchiopods Storch (1925, 1926) arrived at the 
conclusion that the trilobites were closely related to these crustaceans. 
He recognized in the filamentous preepipodites of trilobites the 
setiferous branchiopod appendage serving as a special catching 
filter in the living forms. A. difficulty, however, was that in the 
branchiopod it is the endopodite, the median branch, that has this 
function. This difficulty was avoided by assuming that the trilobite 
limbs in the preserved specimens had been turned 180° so that the 
presumed endo- and exopodites had been confused. This opinion 
was severely criticized by Richter (1926), but Storch maintains his 
view in a later paper (1926) forming an answer to Richters criticism. 
It is therefore necessary to present certain additional points which 
clearly show that the hypothesis of Storch cannot be maintained. 
During my. stay in U.S.A. I had the opportunity of studying the 
described limb-bearing trilobite specimens. Several specimens of 
Neolenus, e. g. the one figured by Walcott 1918 pl. 23 and specimen 
No. A 5128 of the Paleont. Museum Oslo Coll. (text-fig. 17), show 
that the preepipodites (“exopodites”) lie dorsal to the telopodites 
(“endopodites”) and occupy a space below the ventral membrane of 
the pleure. Concerning the specimen with the “epipodites” (Walcott 
1921 pl. 92), which Storch mentions in favour of his view, it is 
obvious that this specimen has been preserved in an unusual position 
as mentioned above (p. 200). Finally, the present studies on Ceraurus 
have clearly demonstrated the latero-dorsal position of the gill-branch 
and, at the same time, have shown that this-appendage is not part 
of a biramous appendage in the crustacean sense. of the word. 
Although the preepipodite might turn considerably round its axis, 
the elongate basal joints did not permit a rotation of the basal portion 
of the appendages round a vertical axis. 

An interesting discussion on the function of the trilobite limb 
was given recently by Eriksson (1934) in a paper on the catching 
organs of branchiopods. Eriksson objects to Storch’s interpretation 
of the trilobite appendage, but he agrees that the trilobite had special 
catching organs (filters) for securing small food particles in the water. 
He considers a normal position of the appendages and finds that 
a “sucking chamber” was formed between the preepipodites and the 
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ventral membrane of the pleure. The chamber was closed laterally 
by the distal segment in vertical position. The water was supposed 
to enter between the coxee and to disappear through the lamelle of 
the fringe. The forward transport of the filtered particles is less clear, 
but is thought to be accomplished by the presumed elongate and 
spiniferous basendites during the backward strokes of the appendages. 

From what is mentioned, it appears that three different functions 
may be considered in connection with the preepipodites: a swimming, 
branchial and catching function. 

Concerning the swimming function, only Triarthrus has the 
preepipodites freely exposed outside the thorax (text-fig. 23). As 
pointed out by Raymond (but not shown in his reconstruction) the 
posterior margin of the fringes are in Neolenus concealed in ventral 
view and this position may probably have been characteristic also 
of the other trilobite genera as indicated in the reconstructions in 
the present paper (text-figs. 20, 23, 25 and pl. 11). In accordance 
with Raymond I therefore find it less probable that the preepipodites 
to any great extent were used as swimming organs. The chief swimm- 
ing function was probably accomplished by the telopodites as men- 
tioned above. 

A branchial function of the blade-shaped filaments seems very 
likely from a closer study of their structures. The partly flexible 
nature of the lamella, mentioned in the descriptions of the respective 
genera, shows that the filaments hardly were too stiff and thick- 
shelled to represent gills. As pointed out by Beecher, the shape 
and size of the blade-shaped filaments furnish a large surface to the 
external medium and therefore might have been well suited for a 
respiratory function. The position also points in this direction. Below 
the pleure the gills would be well protected and at the same time 
the water might pass along the filaments. 

A special arrangement of the preepipodites suggests that the 
water might be forced through the comb-shaped fringe. As mentioned 
by Eriksson (I. c) a “sucking chamber” might be formed between 
the preepipodites and the ventral membrane. The distal segments, 
which had no filament, would be kept in more vertical position 
against the ventral membrane serving as an operculum which closed 
the chamber laterally (text-fig. 28). Ventrally, the appendages overlap 
each other backwards allowing the water to pass only through the 
fringe. Medially the preepipodite was attached so close to the ventral 
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Fig. 28. Possible. circulation of water through and above the gill-blades (filaments) 
in a trilobite preepipodite. The “sucking chamber” (sch) above the gills might be 
closed by the “opercular” distal segment (ds). By a rhythmic elevation of the pre- 
epipodites the water might partly have been pressed through the gills and partly 
driven forwards. A water current might thus have been able to transport filtered 
food-particles forward to the mouth. pl/=pleura, sh=shaft of preepipodite, 
vm=ventral membrane. 


membrane that hardly any opening remained at least in genera like 
Neolenus, Triarthrus, Cryptolithus, Phacops (?) and Calymene where 
the filaments occur also near the base of the appendage. In Ceraurus, 
the conditions are somewhat different since the filaments are found 
only on the fifth, last segment, and no typical distal segment was 
present. The same result might, however, have been obtained when the 
appendage was kept slightly curved backwards so that the filaments 
formed the latero-ventral floor and the prominent lobes of the shaft 
served as the medio-ventral wall. 

By lowering the appendage and keeping the lateral portion in 
contact with the ventral membrane of the pleura, the water would 
be sucked in through the fringe between the blade-shaped filaments. 
On the other hand the “sucking chamber” might be filled from the 
sides, before it was closed (text-fig. 28), and after the closure the 
water might be forced out through the fringe by raising the append- 
age towards the membrane above. 

The structure and position of the preepipodites in- 
dicate strongly that they served as respiratory organs. 

Compared with other aquatic arthropods it appears that the 
ancient trilobites, as well as several other groups e. g. Marrellina, 


STUDIES ON TRILOBITE MORPHOLOGY. | pet 
Ss eR use le 
possessed a greater amount of gills, than recent arthropods such as 
e.g. the Crustacea. The greater number and larger Sizerof 
the gills in the ancient forms might indicate a smaller 
amount of oxygen in the sea of the early Paleozoic, a 
feature also indicated in the presence of the many 
black shales. 

A catching function of the preepipodites is not unlikely in 
relation to the “sucking chamber” indicated in the structures and 
pointed out by Eriksson. By vertical movements of the preepipodites 
such as mentioned above, the comb-shaped fringe of filaments would 
serve as a filter retaining the particles which were unable to pass 
through the filter formed by the close set lamella. But how were 
the particles transported to the mouthP The present knowledge of 
the coxe denies the presence of elongate basendites capable of particle- 
transport. The circumstance that the preepipodite was attached at the 
very base of the appendage shows that hardly any amount of par- 
ticles was driven into the median area below the axis. A catching 
apparatus in the branchiopod sense was therefore hardly present. 
A forward drift of the particles might, however, have taken place in 
the pleural region in a manner suggested in text-fig. 28. If the “suck- 
ing chamber” was contracted in an undulating way, so that the 
posterior portion of the body was contracted first, a current of water 
containing the filtered particles was driven forwards to the “atrium 
oris”. The radial arrangement of the preepipodites in the cephalon 
might correspond to a turning of the watercurrent towards the mouth 
at the centre of the cephalon. 

In Marrella and Waptia from the Burgess Shale, no distinct 
pleure were present although they possess typicai trilobite preepi- 
podites. This shows that a catching function was not necessarily 
connected with a preepipodite of the trilobite type. The general 
structures in trilobites, however, indicate that a catching function, 
with the fringe of filaments serving as filters, might 
have “been accomplished: by 'the* preepipodites cin 
teplobites: 


228 LEIF STORMER 


The Trilobite Limb Compared with Appendages 
of Other Arthropods. 


Lower Paleozoic Arthropods. 


I. Arthropods of the Middle Cambrian Burgess Shale. 
Walcott’s wonderful find of excellently preserved invertebrates in these 
old beds has presented to paleontology a most unexpected picture 
of the early arthropod groups associating the trilobite faunas. The 
fossil material seems to be able to elucidate several important points 
in the early evolution of the arthropod stem or stems. 

The preservation of the fossils is mentioned under the description 
of the Neolenus appendages. Although the preservation permits a 
detailed study of the most minute structures of the delicate chitinous 
tests, the interpretation of the structures has often been very difficult 
because the fossils are completely compressed and appear only as 
flat glisthening films in the shale. In studying the Burgess Shale 
arthropods, one has to be familiar with fossil preservation and at 
the same time to have a sufficient detailed knowledge to the con- 
struction of recent arthropods. Although a series of papers dealing 
with the Burgess arthropods have been published (see below), a 
great amount remains to be done. New detailed descriptions and 
discussions of specimens, not only in American, but also in foreign 
collections, may certainly present very valuable additional knowledge 
of these interesting arthropod groups. 

The arthropods with appendages preserved, were described by 
Walcott in two papers from 1911 and 1912 and in a posthumous 
paper in 1931 edited by Resser. Resser (1929) describes one limb- 
bearing specimen of Protocaris. Hutchinson (1930) presents new 
studies of Opabinia and Ruedemann (1931) describes a new presumed 
pelagic crustacean Marria and gives a new interpretation of Marrella. 
Recently, Raymond (1935) delivered new descriptions of Leanchoilia 
based partly on new specimens collected on a new expedition, under 
his leadership, to the original locality. 

Walcott’s classification of the different arthropods were commented 
and criticized by Raymond (1920, 1935), Versluys and Demoll (1922), 
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Fedotov (1924), Warburg (1925), Henriksen (1928), Ivanov (1933) 
and Stormer (1933). The different opinions will not be discussed 
in the present paper, but will be touched upon in a future paper 
discussing the relationship and phylogeny of the different groups. 
In the present paper, only the structure of the thoracic appendages 
will be considered. 

Besides the trilobites about sixteen arthropod genera with pre- 
served appendages are known from.the Burgess Shale. During my 
stay in the United States I had the opportunity to study Walcott’s 
collections and, in addition, I have examined specimens in the 
Paleontological Museum in Oslo. 

When we attempt to obtain a definite conception of the peculiar 
and apparently very different arthropods, it seems necessary to keep 
in view the general characteristic features common to several genera, 
rather than to point out certain specialized structures which deviate 
from the general plan of construction. Among such marine arthropods 
one would expect to find both convergent structures due to common 
adaptions, and at the same time conservative structures more or less 
independent of external changes. 

It seems useful to divide the occurring genera, provisionally into 
two main groups based on the development of the dorsal test 
and to some extent also on the size. 

Group I. Small, medium-sized and larger forms with an expanded, 
subovate, generally trilobed dorsal test; tergites free, or fused; telson 
generally present, triangular, styliform or fin-shaped. Benthonic and 
nectonic forms. 

Group II. Small forms with cephalic shield developed into a 
“carapace”; post-cephalic portion narrow without pleure; telson small, 
lobe-shaped or styliform. Pelagic and nectonic forms. 

The first group includes most of the genera. Sidneya, Amiella 
(if not identical with the former) and Helmetia measured about 
120 mm and 165 mm in length and were thus considerably larger 
than the others (text-fig. 29 a, b). For mutual comparison the average 
length of the following genera is given without telson: Emeraldella 
4O mm, Leanchoilia 50 mm, Bidentia 45 mm, Opabinia 55 mm, Habe- 
lia 17,5 mm, Molaria 12—25 mm and Yohoia 22mm. The genera 
mentioned were apparently typical members of the group. In Naraoia 
(30 mm) the thoracic-abdominal tergites were fused into one shield 
(in Helmetia the last tergites probably were ankylosed into a pygidium). 
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Fig. 29. Middle Cambrian Arthropoda from Burgess Shale, Canada. Dorsal shell 
‘without appendages. All %/3 x. a= Sidneya inexpectans Walcott, b= Helmetia expansa 
Walcott, c= Emeraldella brooki Walcott, d= Leanchoilia superlata Walcott, e = Naraoia 
compacta Walcott, f=Molaria spinifera Walcott, g=Waptia fieldensis Walcott, 
h=Burgessia bella Walcott, i=Marrella splendens Walcott. a, b outlined after 

photographs published by Walcott, c—i reconstructions based mainly 

on Walcott’s illustrations. 


Walcott (1912) referred the genera Molaria, Habelia, Emeral- 
della and Sidneya to the Merostomata, and Henriksen (1928) also 
included Leanchoilia in this group. Text-fig. 29a—f show the dorsal 
tests of different groups in order to demonstrate the general mero- 
stome type of several genera. At present we know more about the 
Xiphosura and Eurypterida comprising the Merostomata. Especially 
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among the older group of the Xiphosura, the Synziphosura (Stormer 
1934 b), we find many features in common with the mentioned arthro- 
pods from the Middle Cambrian. Besides Aglaspis (Whitfield 1882) 
Such genera as Beckwithia (Resser 1931), Pseudoniscus (Ruedemann 
1916) and Weinbergina (R.u. E. Richter 1929) show considerable 
resemblance to Leanchoilia concerning the dorsal test. In the Cam- 
brian arthropods the number of free segments varies, while among 
the typical Synziphosura (to which at least the two last-mentioned 
genera belong) the number of abdominal segments apparently has 
become fixed (Stormer |. c.), although indications of extra segments 
are found round the telopore in the recent Limulus according to 
Ivanov (1933). Several Synziphosura such as Hemiaspis and Bunodes 
have a postabdomen (not post-anal) which lack pleure and thus 
correspond to the structures found in Sidneya, Molaria, and Emeral- 
della. The telson of the typical Synziphosura is lanceolate and in 
Beckwithia triangular. Only among the Eurypterida has a more 
elaborate differentiation of the telson taken place. The tail-rudder in 
Pterygotus resembles the telson of Sidneya, the “tail-fin” was prob- 
ably formed by the telson alone rather than by telson together with 
cerci aS mentioned by Henriksen (1928 p. 18)). 

Naraoia (text-fig. 29e) has a small triangular telson and the 
abdominal shield may be compared (Walcott 1931) with the younger 
order of the Xiphosura, the Limulida, in which the abdominal seg- 
ments are fused into one continuous shield. (Helmetia Mollisonia 
and Tontoia had apparently the posterior segments fused into a 
pygidum indicating trilobite-like structures.) 

It appears that the genera referred to the first group had several 
characteristic in common with the Xiphosura and also possessed 
several morphlogical “tendencies” characteristic of both Xiphosura 
and Eurypterida comprising the Merostomata. 

The second group includes the more bizarre, free-zwimming 
forms: Marrella (16 mm), Burgessia (20 mm, 8 mm without telson), 
Waptia (30—40 mm), ? Protocaris (70 mm) and Hymenocaris (45 mm). 
Except Marrella, which Walcott regarded as a trilobite, these forms 
resemble crustaceans and have been classified as such. 

Marrella, the “lace crab”, is a most extraordinary form which 
occurred in great quantities in the shale. With its four flat horns 
(text-fig. 29 i) it was well adapted to a pelagic mode of life. A cor- 
rect reconstruction and interpretation of the horns is given in Walcott’s 
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last paper (1931). In his earlier paper (1912) he interpreted the 
frontal horns as antennge, and Ruedemann (1931) even thought that 
the horns represented portions of the cephalon of a freshly moulted 
specimen of the trilobite Neolenus, an assumption which cannot be 
maintained since the structures are so constant and the margins of 
the horns bear a characteristic denticulation. Fedotov (1924 p. 388) 
suggested that Marrella possessed a thin carapace, but this view was 
based on one specimen which was not correctly figured and inter- 
preted in Walcott’s first paper (comp. Walcott 1931 p. 34). It is not 
quite clear whether the pleure were completely absent as demonstrated 
in most reconstructions, or a narrow pleural portion was present as 
suggested in the reconstruction of Beurlen (1930). 

The other genera had a carapace of the type found in most 
crustaceans. As pointed out by Walcott (1912 p. 157), we might 
roughly trace a line of increasing carapace-development through 
genera such as Burgessia, — Waptia — Protocaris and Hymenocaris. 

Thoracic appendages are known in all the mentioned 
genera, but in most cases our knowledge is very limited. In his last 
paper Walcott (1931) gives more detailed descriptions of the limbs 
of Naraoia, Burgessia, Waptia and Marrella and new contributions 
are also given in Raymond’s last paper (1935). The following de- 
scriptions are based on published descriptions and illustrations and 
also on personal studies of the arthropod specimens (Stormer 1933). 

In Marrella, the thoracic appendages are known in greatest detail. 
As shown by Walcott, the structures are very similar to those found 
in trilobites (text-fig. 30 a). The coxa, which evidently lacked a basen- 
dite, was found to be attached at the ventro-lateral portion of the 
narrow thorax which apparently had no pleuree. The telopodite had 
six slender or triangular segments and a distal curved claw flanked 
by two spines. The frontal telopodites had no endites, but back- 
wards they appear and increase in size and number towards the telson 
(or pygidium). Their distribution, triangular shape and distal tufts 
of sete are quite like those found in Trilobites e. g. Triarthrus. 

The dorsal branch, the preepipodite (exopodite) was, according 
to Walcott, attached about midway along the length of the coxa (not 
at its distal end as was generally assumed for the corresponding 
trilobite appendage). The appendage consists of a proximal segment 
“to which is attached a long, slender, multi-articulate appendage, each 
segment of which supports a long, slender, flat (formerly round) 
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Fig. 30. Trilobitan appendages of Lower Paleozoic Arthropoda. All from 
Middle Cambrian Burgess Shale, Canada, except f which is from Lower Devonian 
Huhnsriicken Shale, Germany. a= Marrella splendens Walcott, b= Naraoia compacte 
Walcott, c=Burgessia bella Walcott, d=Waptia fieldensis Walcott, e= Leanchoilia 
superlata Walcott, f=Cheloniellon calmani Broili, g=Sidneya inexpectans Walcott. 
a—d, g after Walcott (extra preepipodite in c added after Walcott’s description), 
e drawn after specimen No. A 5116 Coll. Pal. Mus. Oslo (pl. 12 fig. 3), f after Broili. 
1—7=segments of telopodite, ar=anterior rim or ridge of preepipodite, cox =coxa, 
ds=distal segment of preepipodite, fil=filaments or gill-blades, prcox = precoxa, 
prpd=prepipodite, tlpd=telopodite. 


filament”. As Walcott points out, the fringes of filaments probably 
were directed backwards and outwards (as in trilobites) although they 
extend forwards and outwards in most specimens preserved (a position 
indicated in Raymond’s reconstruction 1920 text-fig. 32). 

In comparing the appendages of Marrella with those in trilobites, 
Walcott found great correspondence, but at the same time he found 
that Marrella differed in the mode of attachment of the coxa (coxo- 
podite) and, in the absence of a basendite (gnathobase), on the coxa. 
The present studies of Ceraurus, however, have shown that these 
points cannot be regarded as differences. In Ceraurus, the coxa was 
attached at the corresponding place and a basendite was practically 
absent. And there is another important point which speaks in favour of 
a very close, if not complete, correspondence in the structures of 
the appendages in Marrella and the trilobites. Walcott (1931 p. 34) 
mentions that. several specimens of Marrella “indicate the presence 
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of a small oval flattened lobe attached to the dorsal side of the proto- 
podite [coxa], or it may be to the proximal joint of the exopodite, 
but it may be that this appearance is caused by the manner in which 
the protopodite and the segments of the body are matted down 
together; some of the thin oval bodies, however, are so clearly 
defined that they suggest the presence of a small epipodite, but | 
do not consider the evidence sufficient to warrant representing them 
on the restoration of the thoracic limb”. According to this description 
it seems very probable that the structure mentioned is identical with 
a precoxa. In fact, Walcott’s statement of the preepipodite being 
attached about midway along the length of the coxa also indicates 
strongly the presence of a precoxa such as in Ceraurus. 

On examining the specimens in Walcott’s collection in Washington, 
I noticed that the blade-shaped filaments (Walcott regarded them as 
secondarily blade-shaped) of the preepipodite were often slightly 
curved and seemed to be inserted in a groove in the shaft. In one 
specimen (labelled 18 I) the shaft seems to have a distal segment 
without filaments, but provided with fine spines or sete just as in 
trilobites. This was, however not observable in other specimens. The 
present studies thus strongly confirm the general conception that 
the thoracic appendage of Marrella was identical with 
the typical trilobite limb. 

The thoracic appendages of the other Burgess Shale arthropods 
are not so well-known and will therefore be treated more briefly. 
Among the genera included in the first group, the large forms, Sidneya, 
Amiella (Walcott 1912) and Helmetia (Walcott 1931 pl. 23), have 
distinct filamentous appendages below the broad tergites. The appen- 
dage seems to be essentially similar to the preepipodite in trilobites 
and Marrella. Text-fig. 30g, redrawn from one of Walcott’s photo- 
graphs of Sidneya, shows that the preepipodites had a narrow multi- 
articulate shaft in which the joint-lines cross at an oblique angle just 
as in Triarthrus (comp. text-fig. 22). In the mentioned forms the 
preepipodites are directed backwards and outwards just as in trilobites. 
It is of considerable importance to notice that no telopodites 
seem to be present in the thoraco-abdominal portion of 
the body. Only the filamentous branches are found below the 
broad tergites. 

Emeraldella (Walcott 1912 pl. 30 fig. 2, text-fig. 8, 10) had typical 
trilobitan appendages with both telepodites and preepipodites (gill- 
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blades distinct in a specimen marked 25 1) present in the thoracic 
region. 

Leanchoilia (Walcott 1912 pl. 31 fig. 6; 1931 pl. 12, 13 fig. 2, 3) 
has been studied recently by Raymond (1935). As pointed out by 
Raymond, this form has typical trilobitan thoracic appendages with 
a lobe-shaped shaft of the preepipodite resembling the conditions in 
Neolenus. 

A well-preserved specimen, belonging to the Paleontological 
Museum in Oslo, has been able to furnish new details concerning 
the structures of the appendages. The nearly complete specimen, 
shown on pl. 12 fig. 3, is exposed in dorso-lateral view. The rostrum 
is strongly curved and the lanceolate telson has short spines. Both 
the right and left “great appendages” of the cephalon are visible. 
I wish to point out that this type of appendages — with segments 
provided with long and powerful spines is also indicated in the 
cephalic appendages of Sidneya and, at the same time, a similar 
tendency in forming long spines in the prosomal appendages, is 
characteristic also of certain merostomes such as the eurypterid families 
Stylonuridae and Carcinosomidae. Theoretically, it would not be 
difficult to figure the origin of chelicera, the characteristic first append- 
ages of the Chelicerata, from similar appendages in which a distal 
spine had become opposable towards a distal segment. 

The figured specimen shows five well-preserved preepipodites 
of which the two first ones evidently belong to the cephalon (a small 
filamentous appendages in front of the first may represent the last 
segment but three). In text-fig. 30e, three appendages are depicted 
from the photograph. Each flat, lobe-shaped appendage has a frontal 
ridge or rim evidently with a number of sub-segments. The rim 
extends beyond the base of the distal filaments and a distal segment 
(ds) may thus be distinguished although it is formed only by a solid 
distal spine provided with a smaller spine at the frontal margin. The 
filaments which are not so well preserved as to establish their blade- 
shaped nature, are found along the posterior and lateral margin of 
the broad shaft. The preepipodites of Leanchoilia are thus 
very similar to those of Neolenus. The lateral filaments and 
the rudimentary (?) distal segment may indicate an intermediate stage 
between Neolenus and Ceraurus (or Calymene?) Raymond states 
that telopodites (endopodites) certainly were present in the trunk of 
Leanchoilia although no specimens show them distinctly. The well- 
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preserved specimen figured on pl. 12 fig. 3 shows no traces of walking 
legs. He mentions that specimen M. C. Z. 1843 has several tips or 
thoracic appendages which probably were telopodites (endopodites) 
because they end in spines different from the filaments. After the 
present study, however, it seems probable that these structures are 
identical with the distal segments of the preepipodites described above, 
and that the thoracic appendages apparently had no telo- 
podites: 

Bidentia (Walcott 1912 pl. 30 fig. 1) is little known, but the 
shape of telson and the “great appendage” suggest resemblance to 
Leanchoilia. 

Opabinia (Walcott 1912 pl. 27 fig. 6, pl. 28) was restudied by 
Hutchinson (1930) but a more detailed account of the appendages 
was first given by Raymond (1935) who points out that they were 
trilobitan and similar to Neolenus though the telopodites were 
absent. According to his description the preepipodites (exopodites) 
below the pleure had a distal portion without filaments and an 
anterior margin which appears to be thickened just as in Neolenus. 
The appendages are thus closely similar to those of Leanchoilia which 
also had the same general shape of the abdomen and probably also 
lacked the. telopodites. 

Habelia (Walcott 1912 pl. 28 fig. 6) which is not well illustrated, 
evidently possessed telopodites and one specimen which I examined 
shows that the preepipodites formed broad lobes with filaments of sue 
common trilobitan type. 

Naraoia (Walcott 1912 pl. 28 fig: 3, 4; 1931 pl. 13 fig. 4, pl. 14 
fig. 1—3, pl. 15 fig. 2,3 and text-fig. 1, 2) had according to Walcott, 
appendages of the type found in Marrella, but pronounced endites 
were not present (text-fig. 30 b). 

Burgessia (Walcott 1912 pl. 27 fig. ee pl. 30 fig. 3, 4; 1931 
pl. 15 fig.4—7, pl. 16, pl. 17, pl. 18 fig. 1) was also treated in more 
detail in Walcott’s last paper. Although the chitinous parts were very 
delicate in this minute form, it has been possible to demonstrate that 
the appendages were of the trilobitan type (text-fig. 30c). The telo- 
podites had typical endites, but the lobe-shaped shafts of the pre- 
epipodites have but short remains of the. filaments preserved. It is 
interesting to substantiate that: “one specimen: indicates that there 
may have been an anterior support for’ the exopodite that extended 
beyond the flat filamentous lobe and terminated in two minute spines” 
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(Walcott 1931), a condition which thus suggests a close resemblance 
to Leanchoilia, Neolenus and Opabinia. 

Waptia (Walcott 1912 pl. 27 fig. 4,5; 1931 pl. 18 fig. 2—5, pl. 19, 
20, 21 fig. 2,3), the very crustacean-like arthropod of the Burgess 
Shale, deviates according to Walcott’s description, from the other 
genera in having two different kinds of postcephalic appendages (in 
addition to the specially modified cerci). The anterior five pairs were 
supposed to be jointed walking legs similar to the trilobitan telo- 
podites, while the posterior eight pairs of thoracic appendages consisted 
of filamentous appendages quite similar to the trilobitan preepipodites. 
The published photographs, however, do not show this very well. 
On the contrary, they rather suggest that the mentioned telopodites 
belong to the cephalic appendages so that the preepipodites only, 
comprise the thoracic appendages. But, in any case, the telopodites 
were absent in the typical thoracic appendages (text-fig. 30d). These 
appendages, being identical with the trilobite preepipodites, had a 
multi-jointed shaft tapering gradually towards the slender and flexible 
distal portion. One specimen of Walcott’s collection (No. 83948) shows 
a distal portion of the shaft without filaments and thus suggesting 
a close correspondence to the structures in trilobites such as Triarthrus. 
Walcott (I. c. p. 23) points out that a wedge-shaped impression at 
the base of the filamentous appendages may be explained as a rudi- 
ment of the telopodites. In accordance with our present knowledge, 
it seems natural to regard the triangular bodies as rudements of the 
cox ventral to a precoxe to which the preepipodites were evidently 
attached. 

Protocaris and Hymenocaris, the typical carapace-bearing forms, 
probably also had trilobitan appendages. A specimen of Protocaris 
figured by Resser (1929) shows numerous appendages overlapping 
each other just as in trilobites, and Raymond (1935 p. 220) points out 
that the appendage of the anterior part of the trunk in Hymenocaris 


was distinctly trilobitan. 


The appendage-bearing arthropods of the Middle Cambrian 
Burgess Shale have thus shown several common characteristics of 
considerable importance to the problem of arthropod phylogeny. 

In a preliminary paper (Stormer 1933 p. 154), I pointed out the 
striking feature that all the arthropods of the Burgess Shale evidently 
had trilobitan appendages in spite of the fact that they were different 
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in general appearance. | arrived at the conclusion that all the different 
genera belonged to the arachnid stock of arthropods rather than to 
the crustacean which they in many cases resembled very closely. 
I suggested that the old Cambrian arthropods occupied the habitats later 
taken over by the crustaceans and that the crustacean appearance, 
in form of carapace and trunk, therefore merely was a matter of 
convergence. Raymond (1935 p. 217) has recently also paid attention 
to the trilobitan appendages of the Middle Cambrian arthropods, but 
he derives the crustaceans from these archaic arthropods which he 
includes in one larger group the Homopoda. The present studies 
have confirmed my previous conception. Our knowledge of Middle 
Cambrian arthropods may be summed up in the following points: 


1. All the different genera, both the large and the very small, 
both those with well-protected and those with free exposed limbs, had 
the same general type of appendages. 

2. The appendages were essentially trilobitan even in their minor 
details and both the Neolenus and Triarthrus type of preepipodites 
were represented. 

3. In certain genera the thoraco-abdominal telopodites were 
apparently quite reduced and in several cases the trilobitan append- 
ages (except cerci) were absent in the abdominal region. 


Il. Cheloniellon and Mimeaster from the Lower Devonian 
of Bundenbach, Germany. In two papers, Broili (1932, 1933), 
describes the very interesting arthropod Cheloniellon which in many 
respects. shows relationship to the Burgess Shale genera. The broad 
dorsal shield is constructed in the same general way as in Lean- 
choilia, Helmetia etc., the appendages especially being very similar. 
The thoracic appendage (text-fig. 30f) is biramous, consisting of a 
walking leg and a slender gill-branch. Broili suggests that the small 
first segment represents a precoxa=subcoxa. The short second seg- 
ment, the coxa, is not prominent as in trilobites, but the following 
six segments are closely similar to the corresponding segments or 
the trilobite appendage. The distal claw and spines are not clearly 
preserved. Remains of a slender multi-jointed appendage with fila- 
ments (blade-shape not demonstrated) evidently represent the pre- 


epipodite, although the attachment of the appendages is not demon- 
strated. 
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As shown by Broili, the specializes arthropod Cheloniel- 
lon have also maintained the trilobitan thoracic appendage. 

The most extraordinary arthropod Mimeaster (the name was 
altered from the preoccupied Mimaster. Paleont. Zeitschr. Bd. 14) 
was described by Giirich (1931) from the Lower Devonian of Bunden- 
bach, Germany. Besides the peculiar starfish-like cephalic disc, the 
arthropod had an elongate thorax-abdomen provided with numerous 
appendages. According to the published photographs (I. c. text-fig. | c, 
4b) the appendages may have been of the trilobitan type. 
Both a ventral walking leg (telopodite) and a dorsal gill-branch 
(preepipodite) are indicated and the attachment and direction of the 
legs are of the trilobitan type. As pointed out by Giirich, Mimeaster 
shows resemblance to Marrella and recent knowledge of the latter 
indicates that the two genera were related and that Mimeaster as a 
later representative of a large group, had even more specialized cephalic 
structures. Giirich assumes a bentonic mode of life of Mimeaster, 
but it seems much more probable that the arthropod belonged to 
the plankton and that the elaborate cephalic disc served as a floating 
organ as pointed out by Beurlen (1934). 

In this connection may also be mentioned the genus Pygaspis 
which Beurlen (1934) describes from Carboniferous-Permian beds 
in Brazil. Beurlen compares the genus with Marrella, but the append- 
ages are very little known. 

The appendages of the Lower Paleozoic arthtropods 
have in a convincing way expressed the conservatism of 
the trilobitan appendage. The trilobitan appendage is 
found, not only in different trilobites from different 
formations, but occurs also in other arthropods from 
the Cambrian and Devonian,’in arthropods which in 
size and general appearance were very different, in 
forms which were adapted to different habitats and had 
the preepipodites either well exposed or concealed by 
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Chelicerata. 


Merostomata. 


The Xiphosura and Eurypterida comprising the Class Mero- 
stomata, attained their greatest development in the Paleozoic and 
only a few xiphosuran species have remained down to the present 
time. As mentioned in the historical review, several zoologists, both 
in the last century and in quite recent years, have advocated the 
relationship between the Trilobita and Xiphosura. Already Dohrn 
(1871) pointed out the “trilobite stage” in the larval development of 
Limulus, and later Lankaster (1904, 1905), demonstrated’ several 
characteristics common to both groups. These views were criticized 
by paleontologists, and after the discovery of biramous limbs in tri- 
lobites only the crustacean relationship was considered. In recent 
times Fedotov (1924), Ivanov (1933), Stormer (1933) and Schulze 
(1936) have in general adopted the earlier views although their 
arguments in many respects were different from those set forth in 
the previous papers. 

The dorsal shell. Before the appendages are discussed it 
is necessary to point out resemblances in the dorsal shells which in 
most cases are the only remains preserved of the earlier fossil 
species. R.u.E. Richter (1929) divided the Xiphosura into two sub- 
orders: the Synziphosura and the Limulida, the former including 
the older, and the latter the younger xiphosurans. The Synziphosura 
had ten(?) abdominal segments which were free or only the sixth 
and seventh ankylosed, and the Limulida had all, or at least the 
three (?) posterior segments, fused into one abdominal shield so 
characteristic of the living horseshoe crab (Stormer 1934 b). 

Although only the genus Weinbergina (R.u. E. Richter 1929) 
has demonstrated parts of the appendages (prosomal) in the Synzipho- 
sura, the general structure of the dorsal shell indicates an intimate 
relationship to the more recent representatives of the Xiphosura. 
Especially Ivanov’s (1933 p. 266 text-fig. 18) embryological studies 
on Limulus moluccanus (== Tachypleus gigas) have demonstrated a 
“synziphosuran stage” in the ontogenetic development of this form 
(Stormer 1934 b text-fig. 2). It seems possible, in spite of the lack 
of appendages, to trace the xiphosuran type backwards through 
Cambrian genera such as Aglaspis (Whitfield 1882, see Versluys u. 
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Demoll 1922 text-fig. 122) or Beckwithia (Resser 1931), to limb- 
bearing forms such as Emeraldella and Leanchoilia (text-fig. 29 c, d) 
and possibly to real trilobites. 

As pointed out by Lankaster and others, the most. striking 
characteristic common to trilobites and Xiphosurans is the trilobation 
of the dorsal shell. Raymond (1920 p. 118) finds this to be much 
overestimated, but although a slight trilobation may be found in several 
crustaceans it cannot be regarded as typical. Among the Trilobita 
and Xiphosura the trilobation is characteristic of practically all genera 
and in these groups we find the narrow axis and broad pleure 
which limit considerably the internal space below the dorsal shell. 
The trilobation is not typical of the eurypterids, but may be seen 
in certain genera such as Stylonurus (Woodward 1866—78 pl. 21) 
and Mixopterus (Stormer 1934 a pl. 5). 

Schulze (1936 p. 210) points out that the articulating half ring 
(“Gelenkknie”) is characteristic of both Trilobita and Chelicerata, 
and compares the anterior condylus of the Limulus-telson with the 
articulating half ring in Ampyx. When he compares the articulating 
sockets of the telson with cavities leading into the appendifers he 
probably considers structurees of different functions and the com- 
parison seems therefore of less value. Along the frontal margin of 
the abdominal shield, however, an articulating half ring is developed 
which evidently is quite similar to those in trilobites. According to 
Ivanov (1933), the transverse joint between the head and abdomen 
in Limulus traversed the original segments which have a more 
oblique direction and a similar condition we may have had in the 
trilobites where at least the intergenal spines indicate an oblique 
primary segmentation (p. 169). 

The tergal apodemes or entapophyses are very similar to 
the trilobitan appendifers as I have pointed out earlier (1933). Pl. 10 
figs. 5, 6 demonstrate the segmental openings which are situated in the 
axial furrows and lead into the vertical processes (p. 167). Although 
the apodemes had a slightly more lateral position than the append- 
ifers in trilobites, it seems appropriate to regard them as homologous 
structures serving chiefly as attachment of muscles to the appendages. 

Lankaster (1904, 1905) compared the trilobite pygidium with 
the abdominal shield in Limulus, a comparison which was severely 
criticised by Raymond (1920 p. 118). Raymond pointed out that 
while it is secondary in Limulus, it formed a continuous shield al- 


242 LEIF STORMER 

CR ee 
ready in the earliest ontogenetic stages of trilobites. The latter does 
not exclude, however, the earliest stages in the trilobite development 
having possessed “free” segments just as the earlier stages in the 
eggs of Limulus. Stubblefield (1926) has demonstrated how the seg- 
ments during the ontogeny of the trilobite, migrated forward through 
a “transitory pygidium” and thus were evidently formed from a 
posterior telopore round the anal opening just as in Limulus. The 
abdominal shield of Naraoia (p. 231) may be compared with that 
in Limulus. 

It cannot be denied, however, that the telson is characteristic 
of the Merostomata and not of the Trilobita. Lankaster compared 
the telson of the Merostomata with the caudal spine in certain tri- 
lobites e.g. Dalmanites. This homology may be only superficial and 
therefore of little or no value. According to Ivanov’s embryological 
studies of Limulus, however, it has become apparent that the telson 
of Limulus is formed from tergal portions only, and the segments 
posterior to it are reduced so that the telson appears as a direct 
continuation of the axis, as a posterior segment. Ivanov draws 
interesting comparison between the telson in Limulus and the prominent 
axial spine or spines in the posterior portion of thorax in Olenellus 
(including the former genus Mesonacis according to Resser and 
Howell 1938), and Elliptocephala. 

The structures of the dorsal shell of the Merostomata thus show 
many characteristics in common with the trilobites, and recent studies 
(Ivanov) of the ontogeny of Limulus have confirmed this resemblance. 

The appendages. Unfortunately the appendages of the Syn- 
ziphosura are practically unknown. Only the distal portion of the 
cephalic walking legs in Weinbergina (R. u. E. Richter 1929) (text-fig. 
32 m) is known more in detail besides certain fragmentary remains 
of legs in Bunodes (?) (Steimann u. Elberkirch 1929). The prosomal 
appendages seem to have been uniramous as in the recent Limulida. 
Of interest is the lack of chelz on the appendages. The distal spines 
resemble those on the last prosomal appendage in Limulus and 
certain eurypterids of the family Stylonuridae. 

Among the Limulida the prosomal appendages, at least, seem 
to have remained practically unchanged from Permian to present 
time (Dunbar 1923). Although the thoracic (and abdominal) segments 
only are considered in the present paper, it is necessary to mention 
also the walking legs of prosoma. The two last pairs of prosomal 
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appendages may correspond to the two first thoracic limbs in Tri- 
lobites (Ivanov), and no well-developed walking legs are found in the 
abdomen. Similar conditions are found in the old eurypterids of 
which the appendages are known in great detail and which will be 
discussed together with the xiphosuran appendages. 

The prosomal walking legs of the Merostomata are very 
characteristic with their large broad coxe with a Jong transverse area 
of attachment. The legs of the Xiphosura differ at first sight con- 
siderably from the trilobitan limb and also from the legs in recent 
arachnids. The prominent coxe are attached to the flexible membrane 
surrounding the mouth and appendages. Since the proximal portion 
of the ventral body wall is developed as a soft membrane, Borner 
(1921) finds it impossible that a precoxa was incorporated in the 
body wall. Coutiére (1919) on the other hand, states: “La patte 
posterieure de Limulus montre également un précoxa trés net, normal 
a l’axe du corps avec gnathobase du cote interne et proépipodite 
externe.” The author apparently interprets a basal portion of the 
coxa aS a precoxa. Since a precoxa occurs in the trilobite limb, 
I have been interested in tracing the same segment in the legs of 
Limulus. 

Both Xiphosura and Eurypterida have an extra gnathobase, an 
epicoxite, proximal to the well-developed gnathobase of the coxa 
(text-fig, 31 b,c). An examination of Limulus-specimens shows that 
the epicoxite is well separated from the coxa by a soft membrane 
and that the epicoxite also abuts on to the ventral membrane of the 
body wall. The coxe of the frontal appendages become narrow 
laterally and the distal portion (processus coxalis Schulze 1932) is 
separated from the rest of the coxa by distinct lines appearing on 
the inside as raised lines (text-fig.3lar), probably apodemes for 
muscle attachment. It is possible that the portion lateral to the men- 
tioned lines represents a precoxa, but, on the other hand the internal 
ridges might be explained as intercoxal apodemes of the type found 
in several arachnids (Kastner 1931). In the last prosomal appendage, 
the epicoxite is absent, but the lateral portion is more prominent than 
in the anterior cox. The lateral portion with the flabellum is marked 
off from the rest of the coxa by a distinct line (text-fig. 31 a) which 
possibly indicates a division between precoxa and coxa. The flabellum 
may, therefore represent, instead of an epipodite, a preepipodite homo- 
logous with the gill-branch in trilobites. Embryological studies by Ivanov 
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Fig 31. Basal segments of appendages in Merostomata, a, b=coxe of sixth 
and third prosomal appendages in Limulus polyphemus (Linn.) (= Xiphosura poly- 
phemus (Linn.)); c=coxa of sixth prosomal appendage in Eurypterus fischeri Eichw., 
Upper Silurian (after Holm); d, e = embryological development of appendages in 
Limulus moluccanus (Linn.) (= Tachypleus gigas Miller) (after Ivanov). I—VI= 
segments of prosoma, au=“auditory organ”, cox=coxa, ep=epicoxite, f=flabellum, 
prcox=precoxa, prpd=preepipodite, r=internal ridge or apodeme, so=lateral sense 
organ (apparently present in adult Synziphosura). 


(1933) have shown that the flabellum develops independently of the 
rest of the appendage (text-fig. 31d, e), a fact which shows that the 
flabellum belongs to the very base of the appendage and the embryo- 
logy therefore supports the assumption of a preepipodite. 

The telopodite segments of the last leg in Limulus have been 
subject to somewhat different interpretations. The third segment, 
generally termed patella (text-fig. 32 0), has no distinct distal joint- 
line and therefore by certain authors, is not regarded as a separate 
segment. An examination of dried specimens (from the inside) shows, 
however, a distinct suture. Hansen has demonstrated that the dorsal 
of the two distal spines (the largest one in young specimens) repre- 
sents a pretarsus and the Limulus telopodite with its seven segments 
is therefore not so different from the corresponding trilobite appendage. 


STUDIES ON TRILOBITE MORPHOLOGY. I 245 


More primitive conditions are found in the Lower Paleozoic 
eurypterids which, with regard to the construction of the limbs, 
show distinct affinities to primitive terrestrial arachnids (Stormer 1936). 

The abdominal appendage of Limulus comprises the 
operculum and the characteristic plate-shaped appendages with the 
book-gills. Versluys u. Demoll (1922) tried to explain these appendages 
as modified sternites, but both the ontogeny (Ivanov 1933) and the 
detailed structure of the adults, show that this interpretation is im- 
possible. 

The gill-bearing appendages (as well as the prosomal append- 
ages) were generally regarded as demonstrating the major difference 
between the trilobites and xiphosurans. The slender biramous 
trilobite limb seems at first sight to have practically nothing in 
common with the peculiar, apparently highly specialized abdominal 
feet of Limulus. In fact, a closer comparison of the appendages 
shows many common characters and from being an obstacle to an 
assumption of closer affinities between the two groups, the struc- 
tures of the abdominal limbs rather confirm such a relationship 
(Stormer 1933, 1934 a). 

The gill-appendages (pl. 10. fig. 5—7 and text-fig. 33 c,d) are 
attached to the ventral membrane below the corresponding tergal 
apodemes (appendifers). The plate-shaped feet are directed back- 
wards and downwards and overlap each other so that the posterior 
margins are visible in ventral view and thus deviate from the tri- 
lobite preepipodites. The appendages which in each pair are fused 
along the median line, are biramous although the distal portion only 
is distinctly separated in two branches. The median branch is composed 
of several segments (at least four) of which the two distal ones 
(probably belonging to the telopodite) are free, while the proximal 
ones are fused with the lateral branch. Although they are fused, a 
distinct furrow indicates a division of the two branches also in the 
fused portion, and in the operculum (first abdominal foot) the 
distribution of the chitinized parts indicates a continuation of the 
median branch towards the basal portion of the limb (Stormer 1936 
text-fig. 5). 

The prominent lateral branch — the gill-branch — originates 
from the very base of the appendage. The proximal portion of the 
lateral branch is divided into numerous distinct, short subsegments 
which have been overlooked in most earlier descriptions and drawings 
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(Stormer 1934a p. 54). The joint-lines are best seen in specimens 
preserved in alcohol. The appendages have more than ten short, 
proximal subsegments and distal to those the segments become 
longer, and the last but one attains a size more than one third the 
whole appendage. Pl. 10 fig. 5 shows the margin of the proximal 
subsegments and fig. 7 demonstrates, in dorsal view, the median 
branch and the distal, sub-triangular segment of the lateral branch. 

The characteristic book-gills occurring on the dorsal (inner) sur- 
face of the flat appendage, occupy the proximal two-thirds of the 
limb and are found right up to the very base of the appendage. 
Only the distal segment and a small portion of the large segment 
proximal to it, lack the gills. The gills consist of numerous close 
set lamella (pl. 10, fig. 5,7) which have a convex outer margin 
provided with short hairs and a long, straight inner margin by which 
they are attached to the broad shaft of the appendage. The line of 
attachment forms a right angle to the axis of the lateral appendage 
and each lamella or gill-blade, forms an acute angle to the shaft, an 
angle opening in distal direction. 

The structures described are, as I pointed out in a preliminary 
paper (1933), in their general features very similar to those found 
in the trilobite (e.g. Triarthrus) limb. The abdominal appendage of 
Limulus is biramous and the lateral branch, extending from the very 
base of the appendage, consists of a multi-jointed shaft with lamel- 
lose extensions forming gill-blades. The distal portion of the shaft 
has no lamelle and is only provided with short hairs also found at 
the distal margins of the inclined gill-blades. The not-trilobitan 
appearance of the Limulus-appendage is chiefly due to the great 
width of the jointed shaft and the gill-blades (filaments) attached to it. 
The plate-shape of the appendage (which may be figured as a com- 
pression of the Triarthrus-preepipodite in the longitudinal direction 
of the filaments) may be explained as an adaption which keeps the 
gills moist when the animal goes on shore and, at the same time, 
the broad shaft magnifies the protected respiratory surface of the gill. 
The Limulus-foot also deviates from the trilobite limb in having a 
very short median branch which in its proximal portion is fused 
with the prominent lateral branch: The median branch has no 
ambulatory function, however, and the small size is naturally inter- 
preted as due to reduction when the mentioned function was aban- 
doned. The appendages overlap each other in a different way as 
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did the trilobite limbs, but a similar position is also indicated in the 
trilobitan appendage of certain Middle Cambrian arthropods e. g. 
Waptia (p. 237). 

The abdominal appendages of the recent Xiphosura 
thus show a close resemblance to the trilobite limb and 
the correspondence can hardly be interpreted other- 
wise than as signifying a relationship between the 
two groups. 

According to this interpretation the lateral branch of the gill-foot 
in Limulus would represent a preepipodite, an explanation which is 
supported by the origin of the branch at the very base of the 
appendage. 

The present views were touched upon by Calman (1919), but 
in a later paper (1926) the same author points out that relationship 
between trilobites and crustaceans cannot be doubted. Contempora- 
neously with my preliminary paper, Ivanov (1933) also points out 
the probable homology between Limulus-gills and the trilobite fila- 
ments. In a recent paper Raymond (1935 p. 216) agrees with the 
assumption that Limulus has retained the gills of the primitive tri- 
lobitan type of limb. 

Among the Eurypterida, the Lower Paleozoic forms already had 
abdominal appendages which seem to have been more specialized 
than those in the recent. Limulus. Also in these forms the feet were 
plate-shaped, but in the posterior appendages the right and left plates 
were often completely fused forming one continuous plate which may 
easily be misinterpeted as a sternite. The anterior pairs of append- 
ages were either completely separated, or the division was indicated 
by a notch in the posterior margin. Only the two anterior pairs of 
gill-bearing appendages (also the operculum carried gills in the 
Eurypterida) possessed distinct remains of the median branch — the 
telopodite — although it was specially modified to form the oper- 
cular appendage. Text-fig. 33 indicates the structures of the oper- 
culum. The lines crossing the broad branchial plates are only rows 
of scales, but it is probable that they mark earlier joint-lines. In the 
basal portion of the limb, however, the pentagonal segment forms 
a base both to the median and lateral branch and, therefore, might 


possibly represent a precoxa. 
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Arachnida. 


When a comparison with the Arachnida is attempted, one has 
to bear in mind that the recent representatives, and most of the 
extinct ones, belong to terrestrial forms with a habitat quite different 
from that of the trilobites. A comparison is also complicated by the 
lack of abdominal appendages in most groups. 

By the classical finds of Silurian Scorpions, the fossil record has 
demonstrated the considerable geological age of the true arachnids. 
The early scorpions are also sufficiently well-preserved to show 
limb-details of phylogenetic value. The famous Devonian chert of 
Rhynie, Scotland, also contains excellently preserved typical arachnids 
which in spite of their minute size (e.g. Antrachomarthi of 2,2 mm 
length) show the finest details of the legs. A great number of Late 
Paleozoic arachnids have been described, but in most cases the 
the preservation is too fragmentary to demonstrate the structures of 
the appendages. 

In text-fig. 32 the walking legs of a number of ancient and 
recent arachnids are depicted, together with trilobite and merostome 
legs, in order to demonstrate similarities in structures and a possible 
homology of segments in the legs. 

With its great size, narrow triangular outline and two distal 
condyli on a transverse axis, the coxa of the arachnid leg is charac- 
teristic. It cannot be doubted that the trilobite coxa is homologous 
with the arachnid coxa. 

A precoxa (subcoxa) has recently been demonstrated in the legs 
of the Ixodidae among the Acari. Schulze (1932, 1935) and Ruser 
(1933) have demonstrated that the precoxa forms a distinct segment 
which according to the published illustrations (text-fig. 32k) shows 
considerable resemblance to the corresponding segment in the tri- 
lobite appendage. The precoxa is partly sunk into the body wall 
and a further stage of reduction is indicated in certain species having 
only the anterior and posterior apodemes as remnants of the precoxa 
(Schulze 1935 p. 19). This recalls the conditions in Limulus where 
the lateral processus coxalis, with the apodemes (?), seems to form 
rudiments of a precoxa. 

It is of considerable interest that a precoxa is found just in the 
Ixodidae which, according to Schulze (I. c.), apparently are related 
to the extinct Anthracomarthi, so characteristic of the Late 


STUDIES ON TRILOBITE MORPHOLOGY. | 249 


Paleozoic, and, on the other hand, also show affinities to the tri- 
lobites in several morphological characters. The coxa of Ixodidae 
(text-fig. 321) has a peculiar hollow ridge, cymatium (cy), with a 
perforated area forming a sensitive organ. Schulze assumes that the 
cymatium originated from folds in the softer pleural integument and 
that the cymatium of the first coxa has loosened and united with 
the collare in forming the mouth parts. If the cymatium belongs to 
the base of the appendage and appears partly separated from the 
coxa, it seems possible that the sensitive organ in the Ixodidae is 
a primitive structure which may form a remnant of the preepipodite 
in trilobita. Future research, also of the fossil Anthracomarthi, may 
settle this possible homology. 

The number of segments in the legs of Acari has been differ- 
ently interpreted. Ewing (1928) indicates eight segments outside the 
coxa (subcoxa of Ewing), but Ruser (1933) finds the second telo- 
podite segment only to be a secondary division of the femur. 
Devonian Anthracomarthi (text-fig. 32 e) have a seven-segmented 
telopodite just as the trilobites. The comparison of the appendages 
thus seems to support the assumption of a relationship between 
Trilobita and Acari, or rather that the latter group is related to very 
primitive arachnids which again were connected with the trilobites. 

The Silurian scorpions (text-fig. 32 f), which probably were 
aquatic forms, had simple telopodites composed of seven apparently 
cylindrical (telescopic) segments. The segments resemble those found 
in trilobites and the leg ends in a distal claw (apparently formed by 
the pretarsus and a small claw just as in recent Solifugee). A distal 
claw was also characteristic of the contemporaneous Eurypterida and 
evidently signifies a primitive condition which might find its origin 
in the median distal claw in the trilobite limb. 

The structure of the distal segment, the pretarsus, is rather 
complicated in the arachnids. In Phalangium (Opiliones) which has 
many primitive characteristics, the legs have a single distal claw such 
as in the Early Paleozoic forms, but in most arachnids, both ancient 
and recent, the legs terminate in two curved claws so well demon- 
strated in the recent scorpion (text-fig. 32 s). The claws are mounted 
on a short pretarsus which is generally called pseudonychium. As 
shown in text-fig. 32 c,q,r, the distal portion of the leg in Phacops 
in general features shows considerable resemblance to the scorpion 
leg (d,s). A pseudonychium seems to be present in both, but in the 
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scorpion the median claw is reduced and the lateral ones are stronger 
developed than in the trilobite. Regarding the distal portion of the 
leg, the trilobite limb (especially the little specialized Cambro-Ordo- 
vician species), seems to form a primitive structure which may have 
given rise both to the single claw in the Eurypterida and the double 
claw of most Arachnida. In general, the walking leg of the 
Trilobita shows considerable correspondance to the 
legs of the Arachnida and in the following a more detailed 
comparison is attempted. 

Homology of leg-segments in Trilobita and Cheli- 
cerata. The homology of the segments in the arthropod append- 
ages has been studied in great detail by Borner (1903, 1921), Hansen 
(1925, 1930) and others. In order to obtain valid results, it is neces- 
sary not only to study in detail the articulation between neighbour 
segments, but also to demonstrate the muscles directing the move- 
ments of the appendage. Comparisons based on the number of seg- 
ments only, have been severely criticised as leading to erroneous 
interpretations. 

The muscles and articulation are not, however, quite decisive 
factors in the determination of the homology of limb-segments. Bérner 
(1921 p. 653) thus points out that by reduction of a segment the 
muscles may disappear completely and the primary joint only remain 
as a suture or furrow. Hansen (1930 p. 336) mentions how in the 
articulation between prefemur and femur the movement changes from 
horizontal to vertical through different forms of Cheloneti to typical 
scorpions, a change which, according to Hansen, has given rise to 
considerable misunderstanding of the joints. 

Concerning the fossil arthropods, a study of the limb-muscles 
is impossible (unless certain processes indicate the attachment of 
muscles such as in the chelicera of certain eurypterids) and, usually, 
it is difficult to demonstrate the exact movements of the segments 
generally flattened in the shale. In spite of this, I have ventured 
to attempt an interpretation of the limb-segments of Trilobita and 
different groups of Chelicerata. The present knowledge of the 
appendages in trilobites and other extinct arthropods, may elucidate 
the problem from another angle. 

As mentioned, the hind walking leg of the Silurian Scorpion 
Palaeophonus (text-fig. 32 f) (Pocock 1901) corresponded in its main 
features to the trilobite leg (without preepipodite) although the the coxal 


STUDIES ON TRILOBITE MORPHOLOGY. | Zyl 


Fig. 32. Walking legs of Trilobita, Merostomata and Arachnida. 
Extinct forms with dotted segments. Broken lines indicate a possible homology 


of leg-segments. a=Trilobita, Ceraurus, Ordovician. b = Trilobita, Crypto- 
lithus, Ordovician. c=Trilobita, Phacops, Devonian. d = Scorpionida 
(after Snodgrass) e = Anthracomarti, Palaeocharinoides, Devonian (after 
Hirst). f=Scorpionida, Palaeophonus, Silurian, posterior legs, (after Pocock). 
g=Eurypterida, Rhenopterus, Devonian, third and fourth legs, (after Stormer). 


fourth leg, (from Savory after Roewer). i= Notostigmata, 
third leg (after Hansen). k, l= 


m= Xiphosura, Weinbergina, 


h==Soli fugey, 
fourth leg (after Hansen). j = Palpigradi, 


Acari, basal portion of leg (after Schulze), 
Devonian, distal portion of leg (after R. u. E. Richter), n, o = Xiphosura, 


Limulus. p=Scorpionida, Palaeophonus, Silurian, distal portion of leg (from 
Hansen after Thorell a. Lindstrém). g, r=Trilobita, Phacops, distal portion of 
leg. s = Scorpionida, distal portion of leg (after Hansen). 1—7 = segments of 
telopodite, cl=claw, cox=coxa, cy=cymatium, ep=epicoxite, f= femur, pa= patella, 
pf=prefemur, prcox=precoxa, prpd=preepipodite, pt=pretarsus, 
ta=tarsus, ti=tibia. 


252, 
portion was not well demonstrated in the specimen. In an earlier 
paper (1936), I have shown that the walking legs of the Eurypterida, 
in spite of their considerable variation and elaboration, apparently 
were wery conservative regarding the number of segments in the 
respective appendages. Concurring with views expressed by Hansen, 
I pointed out the resemblance in structures of limbs in eurypterids 
and primitive recent arachnid groups, and suggested that the euryp- 
terid walking leg approached the primitive arachnid appendage. In 
the eurypterids, the fourth and fifth prosomal walking leg (text- 
fig. 32g) possessed eight and nine segments respectively (the distal 
claw regarded as a true segment, a pretarsus). In addition comes 
an epicoxite (text-fig. 31 c) which may have belonged to precoxa which 
thus gives nine and ten segments as a total number. 

Although the two posterior appendages have one segment more 
than the leg in front of them the appendages are mutually alike 
except for the trochanter which has become doubled in the hind 
appendages. A double trochanter in the posterior legs seems to be 
a primitive condition demonstrated in several primitive arachnid 
orders such as Solifugee (text-fig. 32i), Notostigmata (h) and Ricinulei. 

In the eurypterid walking leg, a knee is demonstrated in certain 
genera between the third and fourth (or fourth and fifth in hind 
legs) segments of the telopodite. This indicates that the segment 
outside the knee is a patella and the distal ones a tibia, tarsus and 
pretarsus. 

Returning to the trilobite appendage, we find a considerable 
correspondence. The joints may be compared one by one as suggested 
in text-fig. 32. A double trochanter is not found in the trilobite leg, 
however, but its absence in the primitive trilobite limb and legs of 
the early Scorpions and Anthracomarthi supports the assumption that 
the trochanter was subject to a secondary division which took place 
very early in the development of the Chelicerata. (Already the Silurian 
eurypterid Slimonia (Woodward 1866—78 pl. 17 fig. 4) had two well- 
sized trochanters hardly deviating from the other segments.) The 
correspondence with the trilobite limb is confirmed by the presence 
of a knee between the third and fourth telepodite segment in Crypto- 
lithus (b), but this is not of major importance since other trilobites 
have no typical knee developed and the condition in the late Phacops (c) 
approaches the scorpion leg. 
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Comparing the trilobite leg with the primitive Palpigradi (j), the 
early Anthracomarthi (e) and the presumed more specialized Scor- 
pionida (d) one also, as mentioned, finds the same number of seg- 
ments. In the Acari the prefemur was not regarded as a true seg- 
ment by Ruser (1933), but the conditions in Anthracomarthi, which 
are regarded as early relatives, and in trilobites and other early 
arthropods, make it probable that it rather represents a reduced 
segment as suggested by Ewing (1928). 

The present interpretation of the limb-segments in Trilobita and 
Chelicerata (text-fig. 32) as: precoxa, coxa, trochanter (one or two), 
prefemur, femur, patella, tibia, tarsus and pretarsus, deviates to some 
extent from the identification presented by Borner, Hansen and others. 
It is therefore necessary briefly to mention the different opinions 
and to point out my grounds for using the present terms. 

The present terms agree fairly well with those given by Borner 
(1921) who considers a double trochanter as less common than a 
double femur (prefemur and femur), but, on the other hand, he bases 
the whole identification on the structure of the joints (e. g. the knee- 
joint) and distinguishes the segments accordingly. The study of the 
fossil forms particularily indicates, however, that the number of seg- 
ments is very characteristic and probably more reliable than the 
position of a knee-joint. 

Like Borner, Hansen (1930) regarded the coxa as the basal 
segment in the arachnid leg. But from a comparison with the 
Crustacea, which in several cases demonstrate a distinct precoxa, he 
deduced that the so-called coxa in the arachnid limb actually (at 
least in part) was a precoxa just as the basal segment of the cru- 
stacean leg. Since a true precoxa is now found in Ixodida, Trilobita 
and possibly in Xiphosura, Hansen’s interpretation of the arachnid 
coxa aS a precoxa can hardly be maintained. Hansen also meets 
difficulties in explaining the basal segments of the legs of primitive 
groups of the Chelicerata. The second and third segments in the 
posterior prosomal appendages of old types such as the Eurypterida 
and Ricinulei are regarded as homologous with the coxopodite and 
basipodite in the Crustacea and since these segments are represented 
by one segment in the frontal legs this one segment is termed trans- 
coxa. But while Hansen mentions the basal segments in the legs 
of Solifuge, Notostigmata and Eurypterida as precoxa and transcoxa, 
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the corresponding segments in the Opiliones, Palpigradi and Xipho- 
sura are called coxa and trochanter, on account of a vertical move- 
ment in the joint between the two segments, an articulation indicative of 
a coxa and not of precoxa. In accordance with Hansen’s own com- 
ments on the change in the articulation of the joints (p. 250), I find 
this reason of somewhat minor importance and the general resem- 
blance between the legs of the primitive Chelicerata, the fossil ones 
included, makes a fundamental difference such as Hansen suggests 
hardly probable. 

Ewing (1928) follows Hansen in reckoning the first distinguish- 
able segment (the coxa) as a precoxa, but the next segments he calls 
coxa and trochanter, the second trochanter being identical with the 
prefemur of Hansen. 

A comparison of the walking legs in Trilobita and of 
primitive Chelicerata has demonstrated several common 
characteristics, especially in the,structure of coxaland 
pretarsus and in the number of segments inthe append- 
age:s The comparison) indicates: thathertrilo bitemier 
more or less was the prototype-of the merostome- 
arachnidiuleg withvitsininessegments andesitendenc yar 
form ten segments in the posterior prosomal appendages. 

The abdominal appendages. In general the abdominal 
appendages are quite reduced in the Arachnida, but modified legs 
are traced in the combs of scorpions, the spinnerets of spiders, and, 
probably also in the abdominal plates of certain extinct genera. In 
addition to these come the arachnid lung-books which evidently are 
homologous with the branchize of Xiphosura. 

The combs or pectines of the scorpions are very charac- 
teristic appendages belonging to the third abdominal somite (ninth 
of the body). The combs are well-developed also in the Silurian and 
Carboniferous genera. In the recent scorpions, the organ consists of 
a shaft (text-fig. 33 i co) to which a number of finger-shaped teeth 
with basal fulcree (fu) are attached. The shaft which tapers in width 
towards the distal blunt point, is divided by furrows into several 
pieces of which an anterior ridge and a distal segment (with teeth) 
may be noticed. The posterior portion of the shaft is often divided 
in numerous subsegments. The exact function of the pectines is 
unknown, but they are probably tactile organs of some kind. 
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Fig. 33. Abdominal appendages of Trilobita, Merostomata and Arachnida. 
a=Trilobita, Triarthrus, Ordovician, distal portion of preepipodite with details 
of gill-blades. b=Trilobita, Neolenus, Cambrian, preepipodite. c,d=Xiphosura, 
Limulus; c=anterior view showing position of gill-appendage in relation to dorsal 
shell (distal portion of appendage generally bent upwards), d=gill-appendage in 
ventral view. e=Eurypterida, Eurypterus, Silurian, gill-appendage forming right 
half of operculum. f= Araneae, embryological development of spinnerets (from 
Gerhardt u. Kastner after Montgomery). g= Araneae, Heptathela, abdomen with 
appendages (from Gerhardt u. Kastner after Kishida). h=Scorpionida, Hetero- 
metrus, comb or pectine. i=Scorpionida, Palaeophonus, Silurian, comb and 
abdominal plates (after Pocock). j=Scorpionida, Eobuthus, Carboniferous, comb 
and abdominal plates (after Pocock). k,l1=Pedipalpi, Thelyphonus ; k=lung-books 
of anterior abdominal segments, 1=Structure of lung-book, diagrammatic (after 
Kastner). a=anal opening, ab=abdominal plates, app=tergal apodemes or appen- 
difers, ar=anterior rim or ridge of preepipodite, ax=axis, br=branchiz or gills, 
co=comb or pectine, cox=coxa, cr=cribellum, ds=distal segment of preepipodite, 
fil=gill-blades or filaments, fu=fulcra, Jb=lung-book, prcox=precoxa, prpd=pre- 
epipodite, s=sternite, st=stigma, sto=muscle serving as stigma-opener, 
tlpd=telopodite, vm=ventral membrane. 


Norsk geol. tidsskr. 19. 
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Lankaster (1881, 1905) derived the scorpion combs from the 
first gill-bearing abdominal appendages in Limulus. Calman (1919) 
indicated, in addition to the Limulus-theory of Lankaster, the pos- 
sibility of a homology between the scorpion combs and the lateral 
branch in the trilobite limb. Versluys and Demoll (1922 p. 15) 
objected to Lankaster’s views, but one of their arguments was based 
on the evidently erroneous conception of the eurypterid gill-append- 
ages as sternites, and the other objection was that the somite 
carrying combs in the scorpions possessed lung-books in the Pedi- 
palpi and Araneae. I do not find the latter point to create any 
difficulty with regard to Lankaster’s interpretation. Versluys and 
Demoll tried to compare the combs with the median appendage in 
the corresponding somite of the eurypterids, but this explanation is 
impossible unless the gill-appendages of the merostomes are regarded 
as sternites. 

The combs of the fossil and recent scorpions (text-fig. 33 h, i, j) 
have many features in common with the preepipodites of the trilo- 
bites. Neolenus (b) in particular shows a similar shaft with an ante- 
rior ridge and the teeth (gill-blades) along the posterior margin. In 
the evidently aquatic Palaeophonus (i) Pocock (1901) traced faint 
impressions of teeth which had more the characteristics of lamelle 
than of firm teeth, a feature supporting the assumption of trilobitan 
affinities. In the same fossil specimen, which, however, is fragment- 
arily preserved, two median lobes (cr?) indicate the rudiments of 
median appendages as suggested by certain authors. The attachment of 
the comb at the very base of the “median appendage” confirms the 
assumption of the scorpion comb as homologous with the 
preepipodite in the trilobite appendage. 

The probable evolution, from the biramous trilobite limb to the 
uniramous comb, is also supported by the presence in the Middle 
Cambrian of arthropods which had already reduced the median 
branch, the telopodite, in their trilobitan appendages. 

The abdominal appendages of spiders (Araneae) are restricted 
to the fourth and fifth somite of the abdomen. They serve as spinn- 
ing organs and the legs are therefore considerably specialized for 
this purpose. Both the embryology and the appendages in the most 
primitive group, the Liphistidae (Gerhardt u. Kastner 1938 p. 569), 
indicate structures comparable with combs of scorpions (Silurian) and 
legs of trilobites (text-fig. 33 f, g). The appendages consist of a median 
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branch, the cribellum (cr), and a lateral branch forming the spin- 
neret. (prpd). The cribellum forming an oblong plate movable up 
and down round its transverse anterior border, is well marked in 
early larval stages (f). The spinnerets of the Liphistid spiders form 
real telescoped appendages. 

The median and lateral appendages have been mentioned as 
endo- and exopodite (e. g. Savory 1935). A comparison with the comb 
of the Silurian scorpion Palaeophonus (i) show considerable cor- 
respondance in general structure although no teeth or “filaments” 
are present in the spinnerets. It seems natural to homologize the 
cribellum with the median lobe (cr) in this form and as shown above, 
the combs probably are homologous with the preepipodite of the 
trilobite leg. The spinneret and the cribellum unite at the very base 
and also the larval development shows that the former hardly 
represents an exopodite, but rather forms a preepipodite or possibly 
an epipodite. The correspondence with the early scorpion combs also 
makes it natural to assume that the abdominal appendages of 
spiders are modified limbs which probably were of the 
trilobitan type. 

The homology of arachnid lung-books and xiphosuran 
book-gills has been subject to considerable discussion, but at present 
it seems so well founded that it may be adopted as a fact (Kastner 
1929). After Ivanov’s (1933) embryological studies of Limulus and 
more detailed knowledge of the eurypterid appendages, it seems 
hardly doubtful that the gills gave rise to the lung-books and not 
the opposite. As Kastner (1929 p. 540) points out, the lung-books 
are to be regarded as complete invaginations, not only the sinking 
in of primary book-gills. 

Text-fig. 33k, | demonstrate after Kastner (1932) the lung-books 
of the Pedipalpi which, like the Araneae, have lung-books similar to 
those in the Scorpionida. The invaginated lamelle (/b) are more 
narrow that the broad book-gills of Limulus and have thus a shape 
which approaches very much the blade-shaped filaments of the pre- 
epipodite in trilobites. 

Another question, which does not directly concern the homolgy, 
is how large a portion of the original appendage was invaginated. 
The Carboniferous scorpion Eobuthus (j) probable had gills concealed 
on the inside of the rounded ventral plates which were even sepa- 
rated by a suture (Wills 1933) and thus were very similar to the 
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abdominal appendages of eurypterids. It is difficult to decide to 
what extent such appendages could be reduced or incorporated in 
the body wall, by the change into a terrestrial mode of life. 

The comparison has demonstrated that the arachnid and trilobitan 
appendages have several characteristics in common. With regard to 
the walking leg, connections with primitive arachnids seem evident 
and the old trilobite limb elucidates apparently many features of the 
typical arachnid leg and thus seems to approach the archaic arachnid 
appendage. 

Concerning the preepipodite of the trilobitan appendage, it seems 
hardly doubtful that it is homologous not only with the gill-branch 
of the abdominal limb i Xiphosura, but also with the arachnid lung- 
book, the scorpionid comb, and probably, the spinnerets of the spiders. 

A relationship between the Trilobita and Arachnida, 
therefore,°can hardly “be denied, and, takingdntorvcon= 
sideration the distinct connection with the Merostomata, 
we may conclude that the trilobitan type of appendages, 
such las it oecurs \in’ trilobites’ and primitive “lower 
Paleozoic arthropods, evidently gave nisettoutnen.p- 
pendages of the Chelicerata belonging to the same 
arthropod stock. 


Insecta. 


A closer relationship between trilobites and insects seems not 
very probable, but, on the other hand, the construction of the 
trilobite appendage may elucidate certain structures in the abdominal 
appendages of insects. 

Abdominal appendages are conspicuous in the Thysanura and 
in the larvee of pterygote insects. In Thysanura (text-fig. 34b) the 
abdominal limbs consist of a large basal (P) segment to which a lateral 
Stylus and a ventral eversible vesicle are attached. The female 
ovipositor is not formed exactly on the same plan (Snodgrass 1933, 
1935). As shown in text-fig. 35, the basal portion of the appendage 
is very similar, though in certain genera (Nesomachilis) (i) the seg- 
ment forming the base of the styli is more slender. Instead of a 
ventral vesicle the gonopod has a long, jointed appendage, the 
gonapophyse, which either appears as a separate appendage (h, i) or 
may form a part of a tubular ovipositor (g). The gonapophyses are 
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attached medially at the very base of the larger segment interpreted 
as the coxa. It is interesting to notice that in certain forms of Thysa- 
nura (h) the gonapophyses are attached to a short segment basal to 
the so-called coxa or coxopodite. 

Similar conditions are found in larve of Neuroptera such as 
Corydalus (c). The styli have a more lateral position, being situated 
in line with the thoracic precoxe (Hansen 1930 p. 214). The eversible 
vesicle (tubercle) (vs), often bearing tufts of gill filaments, resembles 
the vesicle in the Thysanuran leg, but deviates in having muscles 
leading to the dorsum, not only to the base of the appendage. In the 
larva of Sialis (e) the conspicuous lateral styli have six segments 
thus resembling ordinary legs. 

The characteristic tracheal gills in the larva of Ephemerida (d) 
are similar styli attached to the upper one of two more or less 
separated plates situated in the lateral portion of the abdomen between 
the tergum and sternum. 

Concerning the interpretation of the structures described briefly 
above, the opinions are based chiefly on the presence of a stylus 
in the basal portion of the second thoracic leg of Thysanura (a). 
The stylus-bearing podite is generally regarded as a coxa since a 
short precoxa is indicated proximal to it (doubted by certain authors). 
Although the stylus of the thoracic leg consequently has to be regarded 
as an epipodite, it is not certain that it is homologous with the styli 
of the abdomen. Snodgrass (1933, 1935) interprets the great basal 
segment of the abdominal appendage in Thysanura as a coxa and 
the telopodite nature of the ventral vesicle is disregarded since two 
vesicles may occur in the same segment. The same author (1935, 
1936 p. 72) regarded the gonapophyses, on account of their medio- 
basal position, as coxal endites rather than telopodites. 

With our present knowledge of the trilobite appendage and the 
abdominal foot in Xiphosura, it seems possible to interpret the 
appendages in a different way. The median jointed appendage (the 
gonapophyse) may represent the telopodite and the basal segment, 
generally regarded as the coxa, consequently has to be interpreted 
as the basal portion of a lateral appendage of which the stylus forms 
the distal segment. In this case the lateral branch is attached at the 
very base of the appendage just as in Trilobita and Xiphosura and 
the presence of a basal segment (precoxa?) in certain forms confirms 


this conception. 
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Fig. 34. Appendages of Insecta. a=Thysanura, Machilis, third thoracic leg. 
b=Thysanura, Nesomachilis, abdominal appendage. c=Neuroptera, Cory- 
dalus, larva, abdominal segment. d=Ephemerida, larva, a gill and its basis in 
the pleural wall. e=Neuroptera, Sialis, larva, abdominal appendage. f =Lepi- 
doptera, Malacosoma, larva, leg. g h=Thysanura, Thermobia; g=abdominal 
appendages with ovipositor, h=second gonopod. i=Thysanura, Nesomachilis, 
second gonopod. (a after Hansen, b—i after Snodgrass) br=branchia or gill, 
bw = body wall, cox=coxa, gon = gonopod, ovp = ovipositor, prcox = precoxa, st= 
sternite, sty=stylus, tlpd=telopodite, »=ventral vesicle. 


In Sialida the styli have a decided lateral position so that: “The 
appendage bases fall in line with the thoracic subcoxa” (Snodgrass 
1935 p. 274) and in the Ephemerida the styli are attached to the 
upper half of the horizontally divided basal plate. Snodgrass inter- 
prets the (double) basal segment as a coxopodite (coxa), but with 
the present interpretation the upper plate with the stylus would 
represent a precoxa. The abdominal appendages of Lepidoptera 
larve (text-fig. 34 f) have a well-marked precoxa and it seems, there- 
fore, possible that a similar segment might be present in the legs 
of the larvee of Neuroptera and Ephemerida. In this case the ventral 
vesicle of the Sialis-larva and the Thysanura (even when divided 
into two tubercles) may be explained as a coxa, or a coxa with 
rudiments of telopodite (the gill-flament representing epipodites?). 
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In fact the vesicle or tubercle in Corydalus has a long muscle 
attached to the dorsum, a muscle which may be compared with a 
similar muscle in the walking leg of the caterpillar. 

With the present interpretation, the lateral, jointed appendage 
in Sialis and the gills of the ephemerid larva would represent pre- 
epipodites homologous with the lateral gill-branch of the trilobite 
appendage. Against this interpretation speaks the stylus of the thoracic 
leg of the Thysanura, but as also indicated by Snodgrass, it is not 
certain that this immovable process is homologous with the movable 
styli of the abdomen. 

In any case, we may conclude that the lateral, sometimes 
jointed appendage of the abdominal segments in insects, 
apparently differs from the crustacean exopodite (or 
telopodite) and exhibits certain features in common 
with the preepipodite of the trilobite appendage. 

Whether this indicates a relationship between the trilobites and 
insects, is premature to decide, but additional studies in insect mor- 
phology may further elucidate this question. 

Although the ephemerid gill-appendage may be homologous with 
the gill-appendage of the trilobite, it deserves to be remembered that 
the former has tracheal gills with a great number of tracheoles 
receiving the oxygen absorbed through the outer membrane. 

It may be possible that the main insect trachea, which have their 
stigma in the precoxal region of each segment, were formed by 
invaginations of gill-bearing bearing preepipodites in aquatic ancestors, 
but whether these were of the trilobitan type or represented other 
arthropod stocks (e. g. Crustacea) it is not possible to decide. 


Crustacea. 


All paleontologists who have specially studied the trilobite append- 
ages, Beecher, Walcott, Raymond, Jaekel, Warburg, Richter and others, 
arrived at the conclusion that the trilobites belonged to the Crustacea. 
As pointed out both by Raymond (1935) and Eriksson (1934), the 
presence of antennz and biramous appendages in a gill-breathing 
arthropod correspond to the definition of Crustacea and the trilobites, 
therefore, have to be included in this great group. If, however, the 
Crustacea on account of the definition should appear to be a poly- 
phyletic group, it occurs to me more reasonable to alter the definition 
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and to remove the Trilobita from the Crustacea, than to retain the 
Crustacea as a more artificial group including arthropods of different 
origin. As pointed out by several zoologists, the presence of antenna 
is of minor importance and the presence of a biramous limb is not 
at all conclusive of crustacean affinities as shown by the present 
studies. 

Since the crustaceans are aquatic arthropods, certain common 
adaptions might be expected in trilobites and crustaceans and, in 
case of relationship, common characteristics would perhaps be better 
preserved than in forms which changed into a terrestrial mode of life. 

The fossil material of limb-bearing Crustacea is very fragment- 
ary, at least concerning the Lower Paleozoic forms. The Lower 
Devonian’ Nahecaris (Phyllocarida or Archaeostraca) (Broili 1928) 
appears to be a typical crustacean with appendages similar to those 
found in Malacostraca. The appendages bear no closer resemblance 
to the limbs of trilobites. The Cambrian Hymenocaris, on the other 
hand, had apparently typical trilobitan legs although it is generally 
included in the Phyllocarida. It differs, however, also in the structure 
of telson (and cerci) and, provisionally, I am inclined to regard the 
Burgess species at least, as related to the other arthropods with 
trilobite limbs (p. 228), as occurring in the same, beds. 

The Middle Devonian Lepidocaris (text-fig. 35 b) (Scourfield 1926, 
Calman 1926) was a typical crustacean with the appendages resembl- 
ing both the foliacious limbs of Branchiopoda (a) and biramous 
limbs of Copepoda (c). 

The appendages of these early crustaceans indicate, as pointed 
out by Raymond, no transition from the trilobitan to the cru- 
stacean limb. Raymond (1920) clearly showed that the trilobite leg 
was not at all foliacious such as the branchiopod foot (a) with which 
it had often been compared. He pointed out a resemblance to the 
copepod leg. Walcott (1918) in accordance with his assumption of 
a precence of epipodites, compared the trilobite appendages with the 
legs of the primitive Syncarida (Malacostraca) (g) which had many 
representatives already in the Late Paleozoic. 

The biramous limb is typical of the Crustacea, but whether it 
is primary or formed by a strong development of an exite in an 
uniramous appendage, is a special problem which will not be discussed 
in the present connection. Text-fig. 1 indicates a generalized crusta- 
cean leg such as it may be found e. g. among the Syncarida. The 
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precoxa is rarely separated from the body wall, but may be disting- 
uished in many different crustacean groups. The exopodite is attached 
to the basipodite forming the third segment of the appendage. The 
basal uniramous portion may be ankylosed into a protopodite, but, 
in general, the basipodite is well separated from the coxopodite. The 
exopodite is therefore not homologous with the lateral 
branch in the trilobite appendage, a branch which according 
to the present studies was attached to the precoxa at the very base 
of the appendage. It seems impossible to interpret the short basal 
segment in the primitive trilobite limb as a protopodite. In other arthro- 
pods the movements in the joints proximal and distal to the coxo- 
podite (Hansen 1930 p. 40), correspond also with the articulation 
between precoxa and coxa-trochanter in the trilobite appendage. 

In Neolenus and Triarthrus the two branches of the appendage 
were kept nearly parallel just as in a copepode, but this is not a 
general feature because in Cryptolithus, Phacops and Ceraurus the 
median branch was curved ventrally while the lateral branch was 
kept horizontal against the pleura. Even in Triarthrus the position 
of the appendage differs from the common post-ventral direction in 
most crustaceans such as e.g., the Copepoda (in the Order Bra- 
chyura the legs as an exception are directed laterally). 

It is of importance that evidently crustacean has typical blade- 
shaped filaments attached to the shaft of the exopodite. As I strongly 
pointed out in my preliminary paper (1933), the blade-shaped 
filaments of the trilobite appendages cannot be com- 
pared with the fine cylindrical sete of the crustacean 
exopodite. Only the cylindrical sete at the ends of the filaments 
may be regarded as sete. In a few cases the exopodites function as 
gills. In Leptostraca (text-fig. 35d), the exopodite forms a flat un- 
segmented branchial lobe which has no characteristics in common 
with the lateral branch in the trilobite appendage. The exopodite 
thus deviates from the trilobitan gill-branch not only in being attached 
to the third limb-segment instead of the first, but also in the position 
and the lack of blade-shaped filaments even when the exopodite 
serves as a gill. 

Many crustaceans have epipodites (exites of the coxopodite) 
serving as gills. The epipodites (text-fig. 1, 35 ep) may appear as 
simple lobes or highly branched appendages, but they are never 
jointed and appear merely as outgrowths of the coxopodite wall. 
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Fig. 35. Appendages of Crustacea. a=Branchiopoda, Lepidurus, fifth thoracic 
leg (after Hansen), b= Lipostraca, Lepidocaris, Devonian, thoracic leg (after 
Scourfield), c= Copepoda, Calanus, thoracic leg (after Hansen). d= Lepto- 
straca, Nebalia, thoracic leg (after Giesbrecht). e =Cumacea, Cuma, gill of 
first maxilleped (from Versluys u. Demoll after Sars). f=Isopoda, Asellus, Maxilla 
(after Borner). g=Syncarida, Koonunga, thoracic leg (after Zimmer). ba= basi- 
podite, br! = branchial lamella, cox = coxopodite, end= endopodite, ep = epipodite, 
expd=exopodite, prcox =precoxa, prep=preepipodite (?), prpd=protopodite. 


A special branchial epipodite is demonstrated in the maxilliped of 
the Cumacea (text-fig. 35 e). The figured appendage which normally 
is covered by another funnel-shaped epipodite (Sars 1900, Simon 
1926), has a number of very characteristic lamella which Versluys 
and Demoll (1922) compared with the book-gills of the Xiphosura. 
The structures resembles to a certain extent the gill-blades of the 
trilobite appendage, but a jointed shaft is not present. 

The precoxa, or the corresponding part of the body wall, also 
carries exites, preepipodites, which resemble the epipodites in shape 
and function (text-fig. 1). If we pay attention to a possible homo- 
logy in the limb-segments of arthropods, the branchial, not jointed 
preepipodites of the crustaceans must be regarded as homologous 
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with the gill-branch in the trilobite leg. It has to be mentioned, 
however, that Borradaile (1926) has tried to show that the three- 
segmented protopodite (sympod) is purely empirical so that the present 
correlation of the exites, therefore would be of little importance, but 
the constant structures in the primitive trilobites and the general 
correspondance in other arthropod appendages hardly favour this view. 

Among the Crustacea, no preepipodite is apparently known 
which resembles the lateral branch of the trilobite leg. Text-fig. 35e 
shows after Borner (1921) a presumed preepipodite in the maxilla 
of an Isopod (Hansen, however, regards the lobe as an epipodite, 
1925p. 119), 

The crustacean endopodite generally consists of five segments, 
one less than the corresponding portion of the trilobite limb, but in 
the Malacostraca an additional segment, a preischiopodite, is present 
in certain primitive forms e.g. Anaspides of the Syncarida (not in 
Koonunga text-fig. 35 g). In the Syncarida, the precoxa is absent, 
but according to Hansen (1925 p. 102), this basal segment is probably 
incorporated in the body wall, and thus the appendage comprises 
nine segments such as in the trilobites. As mentioned, however, most 
crustaceans have eight segments only and if we should compare the 
trilobitan telopodite with the crustacean endopodite, the former had 
always more segments. 

Raymond (1935 p. 216), admitting the more unique structures 
of the trilobite appendage, suggests that the crustacean exopodite 
represents parts of the shaft in the primitive trilobitan gill-branch 
which became much reduced when better methods of respiration 
evolved. The present studies have shown, however, that the trilobitan 
“exopodite” actually represents a preepipodite and a transmission there- 
fore is hardly possible. 

The comparison of appendages in Trilobita and 
Crustacea has demonstrated several important differ- 
ences which seem to deny a closer relationship be- 
tween the two groups of Arthropoda. 
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The Phylogenetic Significance 
of the Trilobite Limb. 


The section-series of the thoracic appendages of Ceraurus have 
demonstrated in detail the structure of the trilobite limb, particularly 
the little-known basal portion and the somewhat disputed gill-blades. 
A study of other limb-bearing trilobites, mostly through the literature, 
has shown that all known trilobite appendages, even when they be- 
long to very different groups and to different geological formations, 
were much alike and were constructed on a common plan. The tri- 
lobite limb was thus a very conservative structure showing little 
indication of considerable variation and specialisations such as has 
been the case with the limbs of Crustacea. The presence of typical 
trilobitan limbs in other arthropods of the Cambrian and Devonian has 
fully confirmed the assumption of the trilobite appendage as a charac- 
teristic and stable structure. Trilobite limbs in arthropods with very 
different dorsal shield and different habitats, clearly demonstrate the 
conservatism of the characteristic structure we know as the trilobite 
appendage. 

A comparison with the Crustacea, to which the Trilobita gener- 
ally are referred, shows little correspondance concerning the detailed 
structure of the limbs. While the two branches in the biramous 
crustacean limb are the endopodite and the exopodite, the branches 
in the trilobitan limb are formed by the coxa-telopodite and the 
preepipodite and thus are not homologous structures. 

A comparison with the Chelicerata has demonstrated several 
common features which strongly indicate a relationship between 
Trilobita, Merostomata and Arachnida. Although a lateral branch rarely 
is retained in the appendages in the Chelicerata, its development in 
the abdomen of Xiphosura, Eurypterida, Scorpionida and Araneae 
demonstrates characteristic structures typical also of the trilobite limb. 
The present study has shown that the trilobite limb probably 
is to be regarded as a prototype of the appendages in 
the Arachnomorpha. 

Among the Insecta, abdominal limbs have jointed lateral, append- 
ages (styli) which may be homologous with the trilobitan preepi- 
podites, and thus indicating certain affinities with the trilobites, but 
a closer determination of the appendages is not at present possible. 
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An attempt has been made in the present paper, to follow the 
development, modification and reduction of the trilobitan appendage 
through the various groups of the Arachnomorpha (and possibly the 
insecta). We may trace different evolutionary trends in which the 
telopodite, the preepipodite or the whole appendage becomes modified or 
reduced. Within one species, the appendages of the prosoma may 
developed along lines quite different from those of the abdomen and 
even within the abdomen, different modifications of the limbs occurred. 

Among the Trilobita, the general structure of the appendage is 
not altered (with exception of antenne and cerci), but. we may 
distinguish two main types of preepipodites, the Neolenus-type which 
has a broad, lobe-shaped shaft, and the Triarthrus-type with its slender 
multi-jointed’ shaft. 

In the “trilobitan” Cambrian arthropods the trilobite leg is main- 
tained and both types of preepipodites are represented, but a reduction 
has already taken place in certain forms. In the cephalic (prosomal) 
region the preepipodites tend to become reduced and the telopodites 
are either retained as walking legs or become modified into antenna- 
like organs. In the abdomen of certain genera Sidneya, Opabinia, 
Leanchoilia (P) and Waptia, the telopodites have become reduced 
and the posterior segments may have no segments at all. 

A reduction of the telopodites takes place in the evolutionary 
line leading to the formation of the plate-shaped abdominal append- 
ages in the Merostomata. The abdominal limbs of the recent Xipho- 
sura appear to be less specialized than the Paleozoic Eurypterida 
and the aquatic(?) Scorpionida. By attaining a terrestrial mode of 
life, the gill-appendages became invaginated forming the peculiar 
arachnid lIungbooks which thus form the last step in this metamor- 
phosis of the trilobitan preepipodite. 

Another line leads to the combs af the scorpions. The earliest 
known (Silurian) scorpion show median structures which may be 
regarded as rudiments of telopodite or coxa, such as it is demon- 
strated already in Waptia. In the Late Paleozoic and recent forms 
only the lateral branch of the trilobite appendage is maintained. 
A similar line of development may have led to the formation of the 
spinnerets of the spiders. In the most primitive forms, remnants of 
the coxa may be seen in the cribellum median to the spinning 
appendages, conditions comparable with the combs of the earliest 
scorpions. Rudiments of the trilobitan preepipodite may possibly be 
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traced in the cymatium of Acari and the lateral spur of the last 
prosomal leg in Limulus. 

The telepodite is maintained as a walking leg in the prosomal 
region of the Chelicerata (telopodites without preepipodites are said 
to occur also in the thorax of Waptia, but it can hardly be decided 
from the material hitherto described). The more primitive mero- 
stomes and arachnids have a trilobitan type of telopodite, but a pre- 
coxa is only maintained in the Ixodidae of the Acari and possibly 
in the Xiphosura. 

Concerning the origin of the trilobite appendage, the present 
material presents little information. In this connection it is necessary 
to mention the beautifully preserved annelids from the Middle Cam- 
brian Burgess Shale (Walcott 1931). The highly interesting polychet 
worms have not been studied in greater detail, but the presence of 
blade-shaped filaments instead of the common bristles points towards 
a possible connection with the Trilobita. Whether the annelids are 
true annelids or arthropods with secondarily reduced shell, it is not 
possible to decide with our present knowledge, but further studies 
of these interesting forms may possibly elucidate the origin of the 
trilobite appendage. 
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EXPLANATION OF PLATES 
PI. t==4. 


Section-series of Ceraurus pleurexanthemus Green from the Middle Ordo- 
vician Trenton Limestone, Trenton Falls, New York State, U.S. A.; Walcott’s Col- 
lection. The grinding-series, Ser. C, demonstrates, in ventral view, the appendages 
and the corresponding thoracic segments of an enrolled specimen with a length 
about 26 mm. Magnification 5 x. Pl. 1, 2 show chiefly the walking legs (telopodites) 
and the cox, and pl. 3, 4 the precoxe and the gill-branches (preepipodites) 

Text-fig. 8, 9 illustrates the series. The numbers give the section-numbers 
Gi Sai, (Ce 

I—V=thoracic segments and corresponding appendages. 1—5=segments of 
preepipodite, ap=appendifer, ar=articulation, ax =axis, c=coxa, d=dissolved part, 
f=gill-blades or filaments, fb=foreign body, isg=intersegmental fold, mc = mud- 
filled cavity, pc=precoxa, pf=pleural furrow, pl= pleura, pp = preepipodite, ps = pleural 
spine, tp=telopodite. 

The measured distances (small numbers) between each photographed section 
are given in ‘1000 of an inch (section-numbers printed in larger numbers): 

Ser. C. 1232.24 311 421 515 727 Ors.1019 1115 1210) 1317 14 12 151s y o 17230 
1824 1923 2036 2119 2214 2315 2428 2518 2623 2737 2826 29 26 3026 
3126 3232 3322 3429 3521 3612 3720 3825 3924 4035 41 28 4226 43 24 
4425 4524 4623 4734 4826 4927 5031 5119 5223 5323 5422 5527 5616 
5734 5821 5951 6046 6162 6246 6362 6456 65. 
25 = 0,0025 inch = 0,0635 mm. 


PipS—-c: 


Wax models of three thoracic appendages in Ceraurus pleurexanthemus 
Green. Appendages II, III, IV of Ser, C (only fragments of walking legs or telo- 
podites). Magnification about 16 x. Pl. 5=dorsal view; pl. 6=ventral view; plea 
= anterior (A), posterior (B) and post-ventral (C) views of appendage III; Plas — 
anterior (A) and posterior (B) views of II, and posterior (C) and anterior (D) 
views of IV. 

Il —V = appendages belonging to the thoracic segment of the corresponding 
No. in the series. 1—5=segments of gill-branch or preepipodite, alp=antelateral 
process of coxa, bnd = basendite, cl = condylus, cox = coxa, d = dissolved part, 
fil = gill-blades or filaments, plp = postlateral process of coxa, prcox = precoxa, 
pvp=postventral process of coxa, tlpd =telopodite, ym—=ventral membrane of thorax. 


PI. 9. 


Section-series of Ceraurus pleurexanthemus Green from the Middle Ordo- 
vician Trenton Limestone, Trenton Falls, New York State, U. S. A.; Walcott’s Collection. 
The grinding series, Ser. A, demonstrates the structures of the gill-blades or fila- 
ments in an enrolled specimen cut longitudinally across the pleura and pleural 
spines. Magnification 4,8 x. (Three sections shown on pl, 10). Nos. = section- 
numbers. 

The measured distances (small numbers) between each photographed section 
are given in ‘/ioo of an inch (section numbers printed in larger numbers): 

Ser. A. 116 315 410 511 626 714 821 920 1024 1132 1224 1328 1428 1534 1635 
1729 1821 1931 2022 2130 2238 2317 2420 2518 2613 2725 2824 2925 
30 22 3158 3229 3331 3447 35. 25=0,0025 inch=0,0635 mm. 


P1510, 


Fig. 1—3. Section-series of Ceraurus pleurexanthemus Green. Continuation of 
Cer. A figured on pl. 9. 

4. Photograph of glass model of Ser. C. (in dorsal view), (comp. pl. 1—4, 
text-fig. 8, 9). In the model the different appendages are outlined with 
different colours (pencil) so it appears less complicated than in the 
photograph. II—IIl=appendages, 1—5=segments of preepipodite, ar= 
articulation, fil=gill-blades or filaments, pc=precoxa, pl=pleura, pp= 
preepipodite, ps=pleural spine. 

5—7. Abdominal appendages of Limulus polyphemus (Linn) (= Xiphosura poly- 
phemus (Linn)). 5=lateral view of three gill-appendages with lateral 
portion of abdominal shield removed. 6=Dorsal view of the same speci- 
men. 7=gill-appendage in dorsal (internal) view. Photograps of dried 
specimens whitened with ammonium cloride. 

8. Plaster model of gill-blades (filaments) in Ceraurus pleurexanthemus 
Green. Ser. A. Magnified 13x. (Comp. text-fig. 11,12, pl. 9, 10 fig. 1—3). 


»” 


Pie ii. 


Reconstruction of two thoracic segments in Ceraurus pleurexanthemus Green 
from the Middle Ordovician Trenton Limestone, Trenton Falls, N. Y., U.S.A. On 
the right side (left in figure) the ventral parts are removed in order to demonstrate 
the inner surface of the tergites. 

a=ventral view, b=anterior view. c, d=diagrammatic longitudinal sections 
indicating certain muscles. c=median section showing the dorsal and ventral 
longitudinal muscles. d= Somewhat composite section through the appendifers and 
basal segments of the appendages. 

1—7=segments of walking leg (telopodite) and of gill-branch (preepipodite), 
app=appendifer, arhr=articulating half ring, artf=articulating furrow, axf=axial 
furrow, axp=axial process, c=condylus, cox =coxa, dlm=dorsal longitudinal muscle, 


fil=gill-blades or filaments, isg=intersegmental furrow, isgm=intersegmental mem- 
brane, pdpl=posterior doublure of axis, plsp=pleural spine, rm—=remotor muscle 
of appendages, seg=primary segment, tlpd=telopodite, vm=ventral membrane, 
x, y, Z=sockets for articulation, x1, y1, 21 = processes (condyli) for articulation. 


Fig. 1, 2. 


Eiei2: 


Phacops sp., from the Lower Devonian Huhnsriicken Shale, Bundenbach, 
Germany. Natural size. Ventral view of limbbearing specimen (comp. 
text-fig. 26). No. A 24413 Coll. Pal. Mus. Oslo. Fig. 1 photographed with 
red filter. Fig. 2 =x-ray photograph taken at the Red Cross Hospital in 
Oslo. an=antenna, only visible in the x-ray photograph, ap=appendifer, 
cp=posterior cephalic walking leg, /e=lateral eye, only visible in the 
x-ray photograph, mts=metastoma, tlpd=telopodite or walking leg. 
Leanchoilia superlata Walcott; from the Middle Cambrian Burgess Shale, 
Burgess Pass, British Clumbia, Canada. Magnified 1,5 x. Dorso-lateral 
view of limb-bearing specimen (comp. text-fig. 30 e). No. A 5116 Coll. Pal. 
Mus. Oslo, Walcott coll. Photographed in alcohol with reflected light. 
ax=axis, c—cephalon, ds=distal segment of gill-branch or preepipodite, 
fil=gill-blades or filaments, ga=“great appendage” of cephalon, pl= 
pleura, pp=gill-branch or preepipodite, r=rostrum, t,=first tergite, 
ts=telson. 
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Explanation of Plates I—IV. 
Introduction. 


The illaenid collection, which comprises about 550 specimens 
housed in the Paleontologisk Museum, Oslo, was almost entirely 
obtained by Kiger during his investigations of the Silurian strati- 
graphy of the Oslo district. Towards the end of his classical memoir 
Kier gave short descriptions, but without illustrations, of five new 
species of /ilaenus and six new species and one variety of Bumastus, 
all of which had proved useful as indices of age (1908, pp. 571—578). 
His intention was to produce an amply illustrated monograph, and 
several photographs and drawings were made, a number of specimens 
were expertly prepared from technically difficult rock, and nearly 
one third of the collection was provisionally identified. Before the 
monograph was completed, Kizer’s interest was diverted to Devonian 
vertebrates and to the fossiliferous Cambrian rocks of T@mten, and 
he never returned to finish his research. 

Owing to a certain amount of confusion regarding those of 
Kizr’s labels on which specific names alone were written,’ I have 
not been able to trace all his new species, while there are others 
which in my opinion are insufficiently preserved to warrant description. 


1 The labels giving information of the horizons and localities have not been 


confused. 
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Thus of his list, Jllaenus rotundus, I. sculptus, I. longispinosus, 
I. postremus, Bumastus depressus, B. longicaudatus, and B. inflatus 
are described, but /. braggeri, B. brevis, B. perbrevis, and B. sulcatus, 
var. convexus have not been recognized; B. praeruptus of Kier, is 
considered to be synonymous with B. bouchardi and one new species, 
I. norvegicus, and one new variety, B. sulcatus, var. kiaeri, are added 
to the list. Furthermore, in his short diagnoses, Kiger described 
pygidia and cranidia under the same name when there is no real 
evidence that they belong to the same species. Several excellently 
preserved cephala, cranidia and pygidia are present in the collection 
but the majority of the material is fragmentary. The pygidia of 
I. rotundus, I. sculptus, and B. sulcatus, var. kiaeri are definitely 
known, but in all cases where there is no indication that a pygidium 
actually belongs to a certain cranidium, I have preferred to allocate 
no name to the pygidium but to describe it as Type A and so on to 
Type F. Such a procedure dispenses with the possibility of confusion 
likely to arise by mixing pygidia and cranidia of different species. 

There are a few more species represented in the collection than 
are described in this paper, but the material is either too poorly 
preserved or I have hesitated to erect new terms when, as in some 
cases, a single specimen is available. 

My thanks are due to Dr. Anatol Heintz and Dr. Leif Stormer 
for providing the opportunity for studying the collection, to Mr. 
F. W. Anderson, Dr. J. Koliha, Dr. Stensié, and Mr. T. H. Withers 
for the loan of specimens, to Mr. E. W. Seavill for assistance with 
the photographic work, and to the Colston Research Society of the 
University of Bristol. 


Illustration of Illaenids. 


The form of the longitudinal profile of the cranidium, and 
particularly the convexity, is useful in the separation of many species, 
but it is difficult to find a datum line for all illaenids from which 
convexities can be compared. Thoughout this paper the cranidium 
is orientated so that in side view the plane of the posterior margin 
of the fused occipital ring and glabella appears vertical, but it is not 
claimed that such a position was the usual one during life. If all 


illaenid profiles were so arranged it would make their comparison 
much simpler to effect. 
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Authors have not been consistent concerning the direction from 
which the top surface of the cranidium has been drawn or photo- 
graphed. As there is no commonly accepted standard direction in 
which this surface should be viewed, many illustrations lose some 
of their usefulness for comparative study, for so many of the species 
are strongly convex and appear quite different when examined in 
slightly varying directions. Consequently, unless otherwise stated, all 
illustrations of the top surface of the cranidium have been obtained 
at right angles to a line joining the mid-points of the anterior and 
posterior margins; with regard to the pygidia, they have been photo- 
graphed at right angles to the plane which includes the lateral and 
posterior margins. 


Stratigraphical Considerations. 


The Silurian rocks of the Oslo region were at first divided by 
Kiger into four stages which he numbered 6 to 9, and in each of 
which several zones were recognized. Later, he included the Zone of 
Meristella crassa (5 b) in the System, a practice now usually adopted, 
and recently further supported by the researches of St. Joseph who 
has described three pentamerids from this horizon (1938, p. 258). 
St. Joseph also considers that the brachiopod assemblages suggest 
that the lowest beds of the Lower Llandovery are unrepresented in 
the Oslo district, and he tentatively correlates Zone 5b with the 
topmost Lower Llandovery, and Zones 6a—6c with the Middle 
Llandovery. By comparison with the time ranges of the few fossils 
selected by St. Joseph from the Llandovery rocks of Britain, there 
is certainly justification for the arguments which he advances, but 
I do not consider that Kizr’s correlations of the Llandovery beds 
have yet been absolutely disproved, for possibly these few species 
may have different time-values in the Oslo succession. A thorough 
revision of the brachiopod fauna is urgently required, and, for the 
present, Kizr’s correlations are employed in the present paper with 
the understanding that some of them may have to be adjusted in 
the light of future researches. 

With the possible exception of Bumastus bouchardi, none of 
the illaenid species extends beyond the limits of any of the major 
divisions of the Silurian. The Llandovery rocks are most prolific 
of species and individuals; [llaenus rotundus and J. sculptus appear 
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to be good indices of a Lower Llandovery age, both /. norvegicus 
and B. depressus are restricted to the Llandovery as a whole, and 
B. bouchardi makes its appearance in the Upper Llandovery. 
I. postremus, B. bouchardi, and B. inflatus are found in the Wen- 
lockian, while B. sulcatus var. kiaeri is typically Ludlovian. Among 
the pygidia of which the species have not been determined, Type F 
occurs in the Lower Llandovery, and Types A, B, and E are present 
in the Upper Llandovery. Type C is apparently only found in the 
Wenlockian, and Type D (=B. longicaudatus) is recorded from the 
Upper Llandovery and particularly the Ludlovian. 


Description of the Species. 


The cranidia fall into two groups. The first comprises those 
forms in which the axial furrows are almost straight, parallel or 
connivent, the eyes are small and placed far back on the cephalon, 
and the glabella is relatively narrow; these can be referred to /llaenus. 
The second group includes cranidia which exhibit large eyes and 
palpebral lobes, curved axial furrows and a broad glabella; these 
can be placed in Bumastus. The value of many of the generic and 
subgeneric names included in the Family Illaenidae is open to doubt 
(Holm, 1882, pp. 45—51, and 1886, pp. 36—41; and Warburg, 1925, 
p. 97), but the genus Bumastus does appear to be well delimited 
although a diagnostic definition which embraces all Bumastus-like 
forms would be difficult to frame. 


Illaenus rotundus, Kier. 


1908. Jllaenus rotundus, Kier, p. 572. 

The cranidium of the holotype attains a moderate size being 
21 mm long and possessing a calculated breadth of 28 mm across 
the palpebral lobes (pl. I, fig. 1, No. 19422); it is also strongly 
convex in longitudinal profile (pl. I, fig. 3, No. 19421). There is no 
differentiation on the test between the glabella and the occipital ring, 
but on the internal cast a short posterior band is developed. The 
glabella is 12 mm broad posteriorly, and defined by almost parallel, 
shallow axial furrows extending 3 mm beyond the level of the front 
of the palpebral lobe; a biconvex depression is present at the anterior 
extremity of each furrow; no axial pits have been seen. On the 


THE SILURIAN ILLAENIDS OF THE OSLO REGION 279 
internal cast of some specimens referred to /. rotundus there is a 
pair of well-defined areas lying on the glabella approximately at the 
level of the palpebral lobes; they occur between an anterior and 
posterior tubercle (pl. I, fig. 6, No. 19191); these areas are interpreted 
as regions for muscle insertions on the ventral surface of the glabella. 
The fixed cheek is approximately two-thirds the glabellar breadth; 
on the test there is no sign of a posterior border furrow, but such 
a furrow is seen on internal casts. The palpebral lobe is small, and 
placed near the posterior margin. Anterior facial suture trends almost 
directly forwards reaching the margin 12 mm from the mid-line. 
Posterior facial suture is short, and passes obliquely outwards and 
backwards cutting the hinder margin 7 mm from the axial furrow. 

The eye is unknown. The free cheeks are found in position 
in one individual which is an internal cast (pl. I, figs.4 and 5, 
No. 19247); the cheek is obtusely angular, flat, and a groove sur- 
rounds the outer border of the eye. 

The cephalon is characteristically devoid of terraced lines except 
for the extreme anterior region, and shows innumerable minute punctae 
(pl. I, fig. 2, No. 19421). 

The cephalon has moved from the front of the thorax in the 
only specimen in which the latter is associated with a cephalon and 
pygidium, nine thoracic segments being visible (pl. I, fig. 7, No. 19262). 
The axis is 1! mm wide anteriorly and narrows posteriorly to 8 mm 
on the last segment. The fulcrum, external to which the pleurae 
are deflected sharply downwards, maintains a constant distance of 
7.5mm from the mid-line. The thoracic segments are smooth and 
there are no grooves on the pleurae. 

The pygidium (pl. I, fig. 7, No. 19262) is 14 mm long and has 
a calculated breadth of approximately 20 mm; the axis is indicated 
by shallow, broad furrows, and is 8.5 mm broad anteriorly and 7 mm 
long. No axial furrows are apparent on the test but on the internal 
cast there is a narrow anterior border followed by seven (?) axial 
segments which are faintly delimited (pl. I, fig. 8, No. 19425). The 
anterior margin extends horizontally outwards for a distance of 
3.5 mm from the axial groove to the fulcrum, where there is a sharp 
angulation, the facet being 5mm long. The surface of the test and 
the internal cast is delicately punctate, and the punctae on the cast 
are much larger at the antero-lateral portion of the pygidium. 
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Horizons and Localities. J. rotundus is typically a Lower 
Llandovery species. The majority of the specimens were collected 
from Horizon 6c (Plagiorhyncha decemplicata Zone) of Billingstad, 
Asker, but one individual was obtained from Horizon 6 a (Coelospira 
hemispherica Zone) of Hvalbakken; two other specimens of probably 
the same species showing the areas on the glabella for muscle insertion 
were recovered from Horizon 5b (Meristella crassa Zone) of Rambergoy. 
Two further specimens showing delicate terraced lines on the cranidium, 
and doubtfully referred to J. rotundus, are known from Spirodden, 
Asker from Horizons 6 b—c. 

Holotype. No. 19422. 

Paratypes. Nos. 19191, 19247, 19262, 19421, 19425. 


Illaenus sculptus, Kier. 


1908. Jllaenus sculptus, Kiger, p. 572. 

The holotype (pl. I, figs. 9—11, No. 19135) is an almost com- 
plete cephalon preserved as an internal cast which has been badly 
weathered on the posterior right side. The cephalon is 19.5 mm 
long, 28 mm broad, and the distance between the palpebral lobes is 
25 mm; the longitudinal profile is strongly convex. On the test there 
is no separation of the unfurrowed glabella from the occipital ring, 
but on the cast a narrow posterior band is developed. Axial furrows 
converge anteriorly’ and terminate 3.5 mm in front of the palpebral 
lobes; a biconvex or planoconvex depression is present at the anterior 
extremity of the axial furrow; diverging outwards from the furrow 
is an extremely faint groove which connects to a small axial pit. 
Fixed cheek is relatively broad being 7mm wide at the level of 
the palpebral lobe, and is thus a little more than half the glabellar 
breadth at this position; there is a pronounced posterior border 
furrow. The palpebral lobe is small and situated near the hinder 
margin. Anterior facial suture runs almost straight forward but 
actually it is gently sigmoidal in form, reaches the front border 
about midway between the genal angle and mid-line; thence it passes 
along the border for a short distance before it plunges obliquely 
inwards and backwards on the ventral surface as the connective 
suture defining the lateral margin of the rostral plate. Posterior 
facial suture can be followed directly backwards to the cephalic 
margin which it cuts at a right angle 6 mm from the genal angle. 
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The eye is small, elevated, and placed far back, the hinder 
extremity being no more than 2.5 mm from the posterior border; 
there is no eyelid. The free cheek is obtusely angular, pointed, 
and the posterior margin curves forward and outward to the genal 
angle, which consequently lies in advance of the greater part of the 
posterior cephalic border (pl. I, fig. 12, No. 19136, and pl. I, fig. 9, 
No. 19135). On the internal cast a pronounced groove surrounds 
the outer edge of the eye, but it is less evident on the test. 

The rostral plate is of the usual illaenid form with the rostral 
suture 12.5 mm, posterior margin 8 mm, and the posteriorly converging 
connective sutures 4 mm long (pl. I, fig. 11). 

The ornamentation of the head shield is incompletely known; 
moderately widely spaced terraced lines, separated by punctate areas, 
are present on the anterior cranidial surface, and are apparently less 
continuous at the front of, but become densely packed at the hinder 
end of, the glabella. The latter ornament suddenly stops at a line 
corresponding with the front of the band which, on the internal cast, 
is seen to occupy the posterior portion of the cranidium. The free 
cheek carries inosculating and branching terraced lines anterior to 
an imaginary line joining the eye and genal angle, but posterior to 
this, punctae alone are found. The rostral plate is crossed by a 
series of transverse ridges, the majority of which conform in shape 
with the rostral suture; on internal casts there are innumerable punctae 
all over the surface. 

One specimen shows a poorly preserved cephalon and a few 
thoracic segments associated with a badly weathered pygidium, which 
is 13 mm long and 23 mm across its greatest breadth (No. 19280). 
From the axis, which is 8mm broad and defined by broad and 
shallow furrows, the front pygidial margin extends almost horizontally 
outwards to the fulcrum, where there is a sharp posterior angulation. 
The pygidium is so indefinite regarding the details of its structure 
that it is not worth figuring; in general outline it resembles 
I. rotundus. 

Geological Horizon and Localities. Horizon 6c (Plagio- 
rhyncha decemplicata Zone: Lower Llandovery) of Spirodden and 
Langara. 

Horoty pe. “Nos19135. 

Paratypes. Nos. 19136, 19280. 
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Illaenus longispinosus, Kier. 


1908. Jllaenus longispinosus, Kier, p. 573. 

The holotype is an incomplete cranidium but more than half 
the surface is preserved (pl. I, figs. 13—15, No. 19483). The length 
is 30 mm and the calculated breadth across the palpebral lobes 
36 mm; in longitudinal profile the cranidium is markedly convex. 
The unsegmented glabella, undifferentiated from the occipital ring, 
is nearly exactly half the interocular breadth, and is defined laterally 
by almost parallel, broad, shallow axial furrows which are 13 mm 
long and extend beyond the palpebral lobes. On the internal cast 
(pl. I, fig. 16, No. 21307) the biconvex depression is clearly delimited 
at the anterior end of the axial furrow; no axial pits have been seen. 
The fixed cheek, at its posterior margin, measures approximately one- 
third the glabellar breadth; on the holotype, a pit occurs obliquely 
below the palpebral lobe but it is probably accidental (pl. I, fig. 15). 
There is no posterior furrow on the test. The palpebral lobe is large, 
markedly convex externally, situated near the posterior border, and the 
adjoining surface of the fixed cheek is drawn up towards the lobe. 
Anterior facial suture sweeps outwards for the major portion of its 
course and then curves inwards to reach the anterior margin 14 mm 
from the mid-line; posterior branch is short and curves outwards. 

The eye is unknown. .A free cheek (pl. J, fig. 175, Now2130G) 
believed to belong to this species was found associated with specimens 
from Ulv@; it is broad and flat, and the genal angle is smoothly 
rounded. 

The ornamentation consists of a series of discontinuous terraced 
lines extending round the cranidial front, behind which a region 
almost bare of lines spreads from a central position laterally over 
the fixed cheeks; the glabella carries another series of short ter- 
raced lines. 

Horizons and Localities. Characteristic of the Upper Llan- 
dovery of Bjerkoy (Holmestrand) from Horizon 7 a (Pentamerus 
borealis Zone), and of Ulvey from Horizon 7b8 (Lower Coral 
Limestone). 

Holotype. No. 19483. 

Paratypes. Nos. 21306, 21307. 

Remarks. The specific name was proposed by Kier in order 
to direct attention to the presence of a long spine on the caudal 
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fascia of the pygidium. There is no specimen in the collection showing 
a pygidium associated with a cranidium, and thus there is no certainty 
regarding which pygidium belongs to a corresponding head shield. 
The specific name is retained here for a cranidium which Kier 
identified as /. longispinosus, and although the name itself may be 
misleading because it refers to no character found on the cephalon, 
it does not seem worth while to discard the term. 

The species shows some resemblance to J. proles (Holm, 1886, 
pp. 154—157, pl. xi, figs. 1—3) but differs in the course of the 
facial suture, in the axial furrows being almost parallel, in general 
proportions, and in longitudinal and transverse profiles. It is also 
similar to /. imperator (Hall, 1861, p. 49, 1867, p. 332, pl. xxii, 
figs. 15—17, and 1870, p. 420, pl. xxii, figs. 15—17, pl. xxiii, figs. 2—3; 
Walter, 1925(?), p. 262, pl. xxi, figs. 1—3), but in the latter the 
eyes occur nearer the posterior border and the palpebral lobes 
are smaller. 


Illaenus postremus, Kier. 


1908. Jllaenus postremus, Kier, p. 573. 

The cranidium alone is known and measures 12 mm long and 
13 mm across the palpebral lobes (pl. I, figs. 18—20, No. 21757). 
In side view the surface is characteristically steep, and attains a 
maximum elevation just in front of the posterior margin. The un- 
segmented glabella is not distinct from the occipital ring, and its 
breadth is approximately one-half the interocular distance. The glabella 
is strongly convex transversely, attaining a maximum height in the 
mid-line 1 mm in advance of the posterior border. Four muscle 
scars, impressed from the ventral surface, are clearly visible on the 
test of the glabella; the scars are present on each side of the glabella 
and consist of a posterior ovoid area, situated at the level of the 
palpebral lobes, connected by a narrow constriction to a similar 
anterior area, which occurs just in front of the anterior termination 
of the axial furrows. The latter are 5 mm long, extend beyond the 
palpebral lobes, are broad and shallow, and terminate anteriorly in 
clearly defined biconvex depressions; terraced lines traverse the 
furrows but are absent from the depressions. The fixed cheeks are 
very convex longitudinally and drawn up to the level of the palpebral 
lobes, which are moderately developed and occur close to the 
posterior border being separated therefrom by an interval of 1.5 mm. 
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Anterior facial suture is long, gently curved, bent slightly outwards 
along most of its course, and reaches the front border 5 mm from 
the mid-line. Posterior branch is extremely short and curves out- 
wards to cut the hinder margin at an acute angle. 

The eye and free cheek are unknown. 

The ornamentation consists of continuous terraced lines across 
the cranidial front, which soon give place to wavy, discontinuous 
lines; these extend over most of the remainder of the cranidial 
surface, but they are absent from the palpebral lobes and from a 
central region in front of the glabella. Punctae of two sizes are 
discernible, the larger being the less common. 

Horizon and Locality. Only one specimen is available and 
this was obtained from Horizon 8c (Rhynchotreta cuneata Zone or 
“Wenlock Limestone”) of Ringerike. 

Holotype. NoezZl sau. 


Illaenus norvegicus, new species. 


1908. Jllaenus cf. thomsoni, Kiger, p. 571. 

This species is represented by the largest identifiable illaenids 
from the Norwegian Silurian strata; the specimens are internal casts. 
The cranidium of the holotype is 55 mm long and the interocular 
breadth is 53 mm (pl. II, figs. 3 and 4, No. 19164); the longitudinal 
profile is gently convex. If the free cheeks were present, the shape 
of the cephalon would be sub-triangular. The unsegmented glabella 
and occipital ring are fused; the glabellar breadth is almost half the 
distance separating the palpebral lobes, and the glabella is delimited 
by moderately deep and broad axial furrows which end anteriorly 
in elongated biconvex depressions; the almost parallel furrows are 
21 mm long and extend 10 mm beyond the front of the palpebral 
lobes, and there are no axial pits. Muscle scars are present on the 
glabella. At its hinder edge the fixed cheek is one-half the glabellar 
breadth, and passes forward as a gently curved surface which is 
arched in the neighbourhood of the palpebral lobe. The lobe is 
Surprisingly small relative to the size of the individual, and it is 
placed near to the posterior margin from which it is separated by 
an interval of 7mm. Anterior facial suture is long and curves in- 
wards to meet the front margin 21 mm from the mid-line. Posterior 
branch trends backwards and slightly outwards to the posterior 
cephalic margin (pl. II, fig. 2, No. 19174). 
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The eyes and free cheeks are unknown but the latter are 
evidently long and narrow. 

The rostrum, represented by an incomplete Specimen, measures 
22 mm from front to back, is about 40 mm broad, and is traversed 
by strong ridges (pl. II, fig. 1, No. 19411). 

Little is known of the ornamentation on the test, but, where 
seen, it consists of delicate and faint terraced lines; the palpebral 
lobes are smooth. The internal cast shows a punctate surface with 
terraced lines almost entirely restricted to the front region of the 
cranidium. 

Horizons and Localities. The species has been collected 
from several levels within the Llandovery; Horizon 6 a (Coelospira 
hemispherica Zone) of Sandvika, Horizon 6 c (Plagiorhyncha decem- 
plicata Zone) of Spirodden, Etage 6 of Hvalbakken and Spirodden, 
and Horizon 7 a (Pentamerus borealis Zone) of Bjerkoy and Malmoy. 

Holotype. No. 19164. 

Paratypes. Nos. 19174, 19411. 

Remarks. J. norvegicus is closely allied to J. longicapitatus 
var. subcarinata' (Reed, 1935, p. 19, pl. ii, figs. 8 and 8 a) but differs 
in being much larger, in having longer free cheeks and axial furrows, 
and in possessing relatively smaller palpebral lobes which are situated 
slightly more forward on the cranidium. The species also recalls 
I. livonicus (Holm, 1886, pp. 157—158, pl. xi, figs. 4a—b) but the 
axial furrows are much shorter, the palpebral lobes smaller, and the 
fixed cheeks broader. The narrow form of J. thomsoni (Salter, 1867, 
p. 189, pl. xxx, fig. 8) differs from /. norvegicus in shape, in the 
narrower fixed cheeks, in the more fully developed palpebral lobes, 
and in the longer posterior branch of the facial suture. 


Bumastus depressus, Kier. 


1908. Bumastus depressus, Kier, p. 575. 

The holotype (pl. II, fig. 5, No. 19365) is an almost perfect 
cranidium measuring 15 mm both in length and across the palpebral 
lobes; the longitudinal profile is gently curved and depressed, and 
is better seen in one of the paratypes (pl. II, fig. 7, No. 60618). The 
glabella is smooth? and fused with the occipital ring; there is a 


1 Holotype, Geological Survey, Edinburgh, No. 5108. 
2 One individual shows an obtuse median ridge but this is thought to be of 


little significance. 
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minute tubercle on its surface just in front of the hinder border, and 
it is delimited laterally by extremely shallow and faint axial furrows. 
These are curved, convergent forwards, extend as far as the level 
of the front of the palpebral lobes, and terminate anteriorly in 
shallow, biconvex depressions; on the internal cast the furrows are 
a little more evident and are continued beyond the depressions by 
outwardly directed, shallow furrows which connect to the axial pit 
(pl. II, fig. 8, No. 19369); an axial pit also occurs on the test. The 
fixed cheek is small, nearly flat, and attains its greatest breadth at 
the large and well developed palpebral lobes. Anterior facial suture 
swings outwards from the lobe and thence inwards to cut the cranidial 
front 7.5 mm from the mid-line; the short posterior branch bends 
outwards from the lobe, immediately behind the outer margin of 
which it cuts the edge of the cranidium at an acute angle. 

No free cheek is known associated with a cranidium, but certain 
isolated cheeks from Bjerkgy probably belong to this species (pl. II, 
figs. 9 and ‘10, Nos. 19231 and 19481). The genal angle, which is 
rounded, lies slightly in advance of the posterior cephalic margin 
and the cheek is flat over much of its area, being separated from 
the eye by a shallow groove; there is no external eyelid. The eye 
is partly preserved on one free cheek and is smooth, large, and 
strongly curved (pl. II, fig. 9, No. 19231). The ornamentation on the 
cheek consists of numerous, moderately continuous terraced lines 
which are absent from the groove surrounding the eye; the whole 
of the surface is punctate. 

The cranidial ornamentation comprises closely spaced, delicate 
terraced lines, which are almost confined to the anterior region, and 
thus the cranidium as a whole appears smooth; the entire surface 
is punctate (pl. II, fig. 6, No. 60618). 

Horizons and Localities. This species is confined to the 
Llandovery and is common in Horizon 7 a (Pentamerus borealis 
Zone) of Malmoy, Bjerkoy, and Ulvoy, and rare in Horizon 6c 
(Plagiorhyncha decemplicata Zone) of Spirodden. 

Holotype. No. 19365. 

Paratypes. Nos. 19231, 19369, 19481, 60618. 

Remarks. J. angustifrons var. depressa (Holm, 1886, pp. 133 
—135, pl. viii, figs. 14—17) is similar to our species, and, so far as 
can be determined from a study of the figures, the variety is 
apparently distinguished by the length being less relative to breadth, 
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the palpebral lobes are less protuberant, the proportions of the free 
cheeks are different, and the glabella is sharply delimited from ‘the 
fixed cheek along the posterior cephalic border. B. macallumi (Salter, 
1867, p. 210, pl. xxx, fig. 3) is a much more gibbous species than 
B. depressus; 1 have been unable to trace the type-specimen of the 
cranidium and the figures are poor, so that it has not been possible 
to discover whether the species differ in other respects. 


Bumastus bouchardi (Barrande). 


1846. Nileus bouchardi, Barrande, p. 49. 

1847. Nileus bouchardi, Hawle and Corda, p. 53. 

1847. Nileus minutus, Hawle and Corda, p. 55. 

1852. Jllaenus bouchardi, Barrande, p. 689, pl. 2 B, fig. 19, and 
pl. xxxiv, figs. 26—38. 

1872. IJllaenus bouchardi, Barrande, p. 70, pl. xvi, figs. 15—18. 

1908. Bumastus praeruptus, Kier, p. 576. 

The following description of the cephalon is founded upon an 
internal cast (pl. III, figs. 1—3, No. 19682) and a specimen which 
has the test preserved but is incomplete posteriorly (pl. II, figs. 11—14, 
No. 19681). The cephalon of the cast is 25 mm long and 35 mm 
broad, and the breadth across the palpebral lobes is 29 mm; in 
longitudinal profile it is strongly convex. The glabella is ill-defined 
-on the test, broadest posteriorly and narrows anteriorly; it carries 
a median tubercle visible only on the internal cast. The axial furrows 
are short, curved, terminate at the level of the front of the palpebral 
lobes, and are very shallow on the test but deeper on the cast; they 
exhibit a plano-convex depression at their front extremity, and thence 
are continued by extremely faint furrows diverging outwards to a 
tubercle on the test, which overlies the axial pit preserved on the 
cast; this pit shows a minute central tubercle. The fixed cheek is 
narrow relative to the glabellar breadth, strongly arched in the region 
of the palpebral lobe, behind which it plunges down to the posterior 
border. The palpebral lobe is pronounced and markedly convex 
externally; on the cast it shows a groove trending parallel to its 
outline, but such a groove is not visible on the test. Anterior facial 
suture is sigmoidal, curving outwards anteriorly to meet the front 
border 11 mm from the mid-line. Posterior branch is much shorter 
and bends outwards to cut the posterior border at an acute angle. 


288 W. F. WHITTARD 

The large, smooth, curved, parallel-sided and vertical eye is 
long and narrow; it is bounded externally by a steeply inclined and 
transversely convex eyelid which is delimited by a groove. At this 
groove there is a sharp angularity from the almost vertical eyelid 
to the more horizontally disposed remainder of the free cheek, which 
is nearly flat. The outline of the cheek is not entire in either of 
the cephala but an isolated cheek shows that it is obtusely rounded, 
and the posterior margin bends forwards to the genal angle, which 
is situated almost opposite the middle of the eye (pl. III, fig. 4, 
No. 19678). 

The rostrum, 5 mm in length, is a flat, spindle-shaped plate 
with a curved posterior margin; owing to the invasion of the ventral 
surface of the cranidium by the preglabellar region, the rostral suture 
is not marginal but about 1 mm from the anterior border (pl. II, 
fig. 14), Connective sutures are inclined inwards meeting the posterior 
edge of the doublure at an acute angle. The rostrum is ornamented 
by continuous and strong terraced lines. 

The ornamentation of the dorsal surface of the cephalon consists 
of a series of moderately developed terraced lines distributed round 
the cranidial front but they tend to become disconnected posteriorly; 
still farther back there is a clear area in front of the glabella, but 
the glabella itself exhibits scaly terraced lines which extend across 
the axial furrows on to the palpebral lobes. The almost flat expanse 
of the free cheek carries scaly, discontinuous terraced lines which 
simulate the appearance of overlapping tiles. 

Horizons and Localities. Characteristic of Horizon 8 c 
(Rhynchotreta cuneata Zone: Wenlockian) of Malmgy, and distorted 
cranidia probably belonging to this species were recovered from 
Horizon 7a (Pentamerus borealis Zone: Upper Llandovery) of 
Malmgy, Bjerkey, and Ulvoy. 

Remarks. Apart from slight differences in the shape of the 
cranidium and rostral plate, the Norwegian material is apparently 
identical with specimens identified by Barrande as Jllaenus bouchardi. 
B. bouchardi differs from B. sulcatus (Lindstrém, 1885, p. 84, text-fig.) 
in several features, but particularly in the greater development ot 
the palpebral lobe, and in the more backward position of the eye: 
The species is also similar in general construction to B. barriensis 
(Salter, 1887, pp. 203—7, pl. xxvii, figs. 1—5) to which it is obviously 
related. Both forms possess pronounced eyelids, but in B. bouchardi 
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the glabellar breadth is relatively less, the eyes occur farther back, 
the free cheek is narrower and is less steeply inclined, the genal 
angle is placed more anteriorly, and, as far as can be ascertained, 
the posterior facial suture, does not cut the hinder cephalic margin 
at so acute an angle; furthermore, the rostral plate of B. barriensis 
(Salter, 1849, pl. iv, fig. 7*) is different in shape particularly along 
the posterior border. Dr. Hedstrém, who is revising the Gotlandian 
trilobites, has kindly sent me a photograph of the plate illustrating 
his manuscript species Bumastus sublaevis from the Stricklandia- 
bed. This undescribed form can be separated from B. bouchardi 
because it shows a more rotund longitudinal profile, a differently 
shaped rostrum of which the rostral suture is marginal, and there 
is no eyelid on the free cheek. 


Bumastus inflatus, Kier. 


1908. Bumastus inflatus, Kier, p. 577. 

The cranidium measures 14.5 mm long and 19 mm across the 
palpebral lobes (pl. III, fig. 5, No. 21399); the longitudinal profile 
descends rapidly and steeply, and the head-shield is markedly fore- 
shortened (pl. III, fig. 6). The broad glabella is ill-defined by faint, 
convergent, curved furrows which originate immediately behind the 
palpebral lobes; there are four circular areas on the glabella which 
show through the test from the ventral surface, and these are thought 
to be muscle scars (pl. III, fig. 7); similar markings have been figured 
by Raymond in Bumastus holei (1925, pl. viii, fig. 6). The axial 
furrows terminate in shallow biconvex depressions opposite the mid- 
length of the palpebral lobes; a small area on the test near the front 
border and just internal to the anterior facial suture marks the position 
of the axial pit. The palpebral lobe is pronounced and placed near 
to the hinder margin of the cranidium. Anterior facial suture is 
sigmoidal and cuts the front margin 7 mm from the mid-line; posterior 
branch is extremely short and curves sharply outwards to intersect 
the posterior border at an acute angle. 

The free cheek is slightly longer than broad (pl. III, fig. 8, 
No. 21400) and carries a long, narrow, parallel-sided, curved eye 
which is bounded externally by a narrow, transversely convex eyelid. 
The eye and eyelid are steeply inclined and there is an abrupt change 
onto the much flatter surface of the remainder of the cheek. The 
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genal angle is rounded and is at the level of about one-third the 
length of the eye from its posterior limit. 

The cranidial surface is punctate but terraced lines occur around 
the front and hinder margins. The free cheek exhibits a well- 
developed series of curved terraced lines many of which are centred 
on the genal angle. 

Horizon and Locality. Horizon 8 d (Malmoy Limestone; 
Wenlockian) of Malmgy. 

Holotype. No, 21399. 

Paratype. No. 21400. 

Remarks. B. inflatus is nearly related to B. bouchardi but 
can readily be distinguished by the greater foreshortening of the 
cranidium, by the less evident palpebral lobes, and by the free cheek 
being broader with fewer, but coarser, terraced lines. 


Bumastus sulcatus, Lindstr6m, var. kiaeri, new variety. 


1908. Bumastus sulcatus, Kier, p. 577. 

The cephalon is 20 mm long, 29 mm broad, and 20 mm across 
the palpebral lobes (pl. III, fig. 9, No. 60616); the longitudinal profile 
is gently convex (pl. III, fig. 10). The smooth glabella is undifferentiated 
from the occipital ring and is defined by curved, anteriorly convergent 
axial furrows which originate at the posterior margin behind the 
palpebral lobes. The grooves are shallow on the test, deeper on 
the cast, and exhibit biconvex depressions opposite to the palpebral 
lobes; thence, in the cast, they are continued as moderately strong 
furrows which swing outwards to the axial pit, which occurs about 
4mm from the front border and 2 mm from the facial suture. The 
fixed cheek is narrow and flat, except where it is drawn up to the 
palpebral lobe as a wider and more convex area. The palpebral 
lobe, although well-developed, is not very convex in outline and 
shows a faint groove along its inner margin. Anterior facial suture 
swings externally from the lobe and thence inwards to intersect the 
front margin 9.5 mm from the mid-line. Posterior facial suture 
trends at first slightly outwards, and then bends sharply to cut the 
posterior cephalic margin at an acute angle, 5mm from the genal 
angle (pl. III, fig. 11). 

The eye is smooth, large, strongly convex, parallel-sided, and 
is placed forward on the cephalon, being separated from the posterior 


THE SILURIAN ILLAENIDS OF THE OSLO REGION 291 


margin by an interval of 5mm. The eye is surrounded by a broad 
groove but there is no external eyelid. The remainder of the free 
cheek is only slightly convex; the genal angle is obtusely pointed 
and is at the same level as the remainder of the posterior 
cephalic border. 

Terraced lines are present round the lateral and anterior cephalic 
margin, but most of the surface of the head shield is devoid of such 
lines and exhibits innumerable, closely arranged punctae. 

The pygidium, which is depressed, is broader than long measuring 
30 mm and 25 mm respectively (pl. III, figs. 13 and 14, No. 60617). 
The axis is undifferentiated; there is a narrow band along the pygidial 
front. The anterior margin is convex and then swings back and out- 
wards to the facets which are concave along their length, inclined 
forwards and delimited internally by a ridge and a groove. A median 
carina traverses the posterior half of the pygidium and is more clear 
on the cast than on the test. The ventral doublure is broad and 
carries widely spaced terraced lines. The test surface is devoid of 
terraced lines and is characteristically covered by numerous punctae, 
which are also clearly shown on the cast (pl. III, fig. 12, No. 19754, 
and pl. III, fig. 13, No. 60617). 

Horizon and Locality. Represented by several specimens 
from Horizon 9 d (Delthyris elevata Zone: Ludlovian) of Langoy, 
Holmestrand. 

Holotype. No. 60616. 

Paratypes. Nos. 19754, 60617. 

Remarks. The type specimens’ of the cephalon and cranidium 
of Bumastus sulcatus described from the Ludlovian rocks of Gotland 
(Lindstrém, 1885, p. 84, text-fig.) are larger than the Oslo individual ; 
furthermore, they are different in proportions, in being more convex, 
in having free cheeks less steeply inclined, and in possessing a sub- 
triangular shape. If the isolated pygidium? referred by Lindstrom 
to B. sulcatus actually belongs there, then the pygidium of var. kiaert 
is much flatter both in transverse and longitudinal profiles. The 
general form of the cephalon of B. dayi (Raymond, 1916, p. 18, pl. i, 
figs. 8—10) is similar to our variety but the pygidia are distinct. 


1 Ar 8722 and Ar 2276, Riksmuseum, Stockholm. 
2 Ar 2279, Riksmuseum, Stockholm. 
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Types of Pygidia of Undescribed Species. 
Pygidium Type A. 


The pygidium (pl. III, figs. 15 and 16, No. 19438) attains a 
maximum breadth of 43 mm, the calculated length is 29 mm, and 
in longitudinal and transverse profiles it is gently convex. The axis, 
defined by broad, shallow furrows, is 17 mm broad anteriorly, about 
14 mm long, but posteriorly it merges imperceptibly into the general 
pygidial surface; the axis appears smooth in all the specimens referred 
to this type. Anterior pygidial margin passes horizontally outwards 
from the axial furrow for a distance of 6 mm, where it becomes 
sharply angulated at the fulcrum. The vertically disposed facet is 
fully developed and is 12mm long. The ventral surface has been 
partly exposed by chipping away the overlying portion of the cast; 
the anterior ventral margin is prolonged into a relatively long, flat, 
median spine, which sometimes shows a shallow median longitudinal 
groove; the upper side of the ventral doublure exhibits a gently 
inclined posterior area trending parallel to the pygidial outline, 
delimited from a much more convex and more steeply inclined 
anterior region which medially merges into the spine. Where portions 
of the test are preserved it is found to be punctate, and delicate 
terraced lines have also been seen. 

Horizons and Localities. The form is confined to the Upper 
Llandovery being found in Horizon 7 a (Pentamerus borealis Zone) 
of Bjerkoy and Horizon 7b (Pentamerus laevis Zone) of Ulvey. 

Remarks. The pygidium here described is represented by an 
isolated specimen associated with the cranidium of the holotype of 
I. longispinosus. Type A pygidium may therefore prove to belong 
to this species, but nothing definite can be stated on this matter 
until a complete test is found. 


Pygidium Type B. 


The pygidium is short and broad measuring 36 mm long and 
63 mm wide (pl. IV, fig. 1, No. 19546). In longitudinal profile the 
pygidium plunges down rapidly towards the posterior margin, the 
major surface being almost flat (pl. IV, figs. 2 and 3, No. 19547). 
The axis is 25 mm broad but the axial furrows are so shallow and 
they merge so gradually into the general pygidial surface that the 
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boundary of the axis cannot usually be determined. The axis shows 
no segmentation of the test and generally none on the cast, but one 
internal cast exhibits a series of transverse, anteriorly arched grooves 
which show that at least six segments are developed (pl. IV, fig. 4, 
No. 19632). Anterior pygidial margin extends horizontally outwards 
for a distance of 10 mm from the axial furrow to the fulcrum, at 
which position there is a sharp angulation and the facet trends 
obliquely backwards for 15mm. The ornamentation comprises a 
series of anteriorly convergent terraced lines, the apical parts of 
which occur in the mid-line (pl. IV, fig. 2). 

Horizons and Locality. Found in the Upper Llandovery in 
Horizons 7a (Pentamerus borealis Zone), 7 b, (Pentamerus laevis 
Zone) and 7c (Crotalocrinus Zone) of Malmoy. 


Pygidium Type C. 

The type includes the flattest pygidia so far seen in the collection; 
in one form the measurements are 20 mm long and 30 mm broad 
(pl. IV, figs. 5 and 6, No. 19680). The axis is undifferentiated 
on the surface of the pygidium but anteriorly the margin exhibits 
a median, broad, anterior convexity which probably corresponds to 
the front of the axis (pl. IV, fig. 7, No. 19679). The margin extends 
straight outwards from the axis to the anterior corner where the 
surface is deflected backwards to form the facet. A broad ventral 
doublure is visible in places and it is marked by strong terraced 
lines. The ornamentation of the test comprises numerous delicate 
terraced lines, with some intervening punctae, while on the internal 
cast punctae alone are visible. 

Horizon and Locality. Horizon 8 c (Zone of Rhynchotreta 
cuneata; “Wenlock Limestone”) of Malmoy. 


Pygidium Type D. 
Bumastus longicaudatus, Kieer. 


1908. Bumastus longicaudatus, Kier, p. 576. 

The pygidium is approximately as wide as long, and Kizr’s 
holotype is 39 mm long (pl. IV, fig. 8, No. 19606); the surface is 
moderately convex but the curvature flattens towards the margin 
(pl. IV, fig. 9). There is no differentiation of the axis; the front 
pygidial margin is convex anteriorly and sweeps back to the anterior 
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corners where strongly developed, inclined facets occur; the inner 
edge of the facet is a moderately sharp ridge followed posteriorly 
by a shallow groove. The test is incompletely preserved but carries 
numerous branching and inosculating terraced lines which, however, 
end abruptly on either side of a median groove which is present in 
the posterior part of the pygidium. On the internal cast, a slight 
carina underlies this groove and dies away about the mid-length of 
the pygidium. Minute tubercles are present on the test between the 
terraced lines. 

Horizons and Localities. Horizons 7a and 7 b« (Pentamerus 
boreolis and laevis Zones; Upper Llandovery) of Leanghggda, Asker, 
Horizons 7 a and 7 b of Malmoy and Bjerkoy, and Horizon 9c (Upper 
Zone of Leperditia phaseolus; Ludlovian) of Gaserumpa. 

Holotype. No. 19606. 


Pygidium Type E. 


The pygidium (pl. IV, figs. 10 and 11, No. 60619) is closely 
related to B. longicaudatus. The differences are: (a) it is not so 
elongated, being 23 mm long compared with a breadth of 27 mm; 
(b) there is a posterior median carina on the test instead of a groove, 
but this distinction may be of no value; (c) the terraced lines on the 
test are much more delicate and intervening areas are punctate; and 
(d) the longitudinal profile is more convex. 

Horizon and Localities. Horizon 7 a (Pentamerus borealis 
Zone; Upper Llandovery) of Bjerkoy, Malmegy, and (?) Sandvika. 


Pygidium Type F. 


The pygidium is similar to the two preceding ones but is much 
broader measuring 32 mm long and 40 mm wide (pl. IV, figs. 12 and 
13, No. 19180). The facet is relatively large, gently declined forwards, 
and is bounded internally by a strong ridge succeeded by a backwardly 
curving and marked groove. A short posterior median carina gives 
place to a median groove occurring near the hinder margin. The 
terraced lines are undulose, branching, and tend to become scaly 
towards the margin. 


Horizon and Locality. Etage 6 (Lower Llandovery) of 
Spirodden. 
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Plate I. 


All figures are natural size unless otherwise stated. 
Illaenus rotundus, Kier. 


Cranidium of the holotype, of which the test is preserved, tilted to the 
right to show the palpebral lobe, the facial suture, and the axial furrow. 
No. 19422, Zone 6c, Billingstad, Asker. 


Figs. 2 and 3. Top and side views of a paratype of which the test is preserved. 
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No. 19421, Zone 6c ?, Billingstad, Asker. 

Top view of a young individual occurring as an internal cast, in which 
the free cheeks are in position. No. 19247, Zone 6 a, Hvalbakken. 
Same specimen tilted to the right to show the free cheek. x 1.5. 

The specimen has been tilted forwards in order to facilitate the illumination 
of the two areas on the glabella which are supposed to be muscle scars. 
No. 19191, Zone 5b, Rambergoy. ~ 1.5. 

Almost complete specimen, of which the test is present; note the smoothness 
of the pygidium. No. 19262, Zone 6c, Billingstad, Asker. 

The fragmentary pygidium, which is an internal cast, shows the faintly 
defined furrows on the axis. No. 19425, Zone 6c, Billingstad, Asker. 


Illaenus sculptus, Kier. 


Top view of the holotype which is an internal cast badly weathered and 
incomplete in the right postero-lateral region. Note the convergent axial 
furrows and the left free cheek, that on the right being fragmentary. 
No. 19135, Zone 6c, Spirodden, Asker. 

Side view of same specimen. 

Ventral view of the same specimen showing the rostral plate; note that 
the rostral suture is marginal. 

An isolated free cheek showing the ornamentation, and the forward position 
of the genal angle. The eye (e) is damaged but its position is indicated. 
No. 19136, Zone 6c?, Spirodden, Asker. x 1.5. 


Illaenus longispinosus, Kier. 
and 14. Top and side views of the holotype. No. 19483, upper part of 
Zone 7a, Bjerkey, Holmestrand. 
Same specimen tilted forwards to show the course of the posterior branch 
of the facial suture, and also the pit on the fixed cheek situated internal 
to the palpebral lobe. 
A slightly distorted internal cast of a cranidium showing the relatively 
broad glabella which characterizes this species. No. 21307, Zone 7 b, Ulvay. 
A poorly preserved free cheek believed to belong to this species. The eye 
is not present, but note the relatively broad cheek. The anterior branch 
of the facial suture has been inked. No. 21306, Zone 7 b, Ulvoy. 


Illaenus postremus, Kizer. 


and 19. Top and side views of the holotype which has the test preserved; 
note the extreme foreshortening and depth of the cranidium. No. 21757, 
upper part of Zone 8c, Ringerike. 

Same specimen tilted forwards to show the palpebral lobe and posterior 
branch of the facial suture on the right side. 
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Fig. 2. 


Plate II. 


All figures are natural size unless otherwise stated. 
Illaenus norvegicus, new species. 


Incomplete rostral plate of which the connective sutures are not seen. 
No 19411, upper part of Zone 7 a, Bjerkoy. Holmestrand. 

The specimen has been tilted to the side to show the palpebral lobe and 
posterior branch of the facial suture. No. 19174, Zone 6 c, Spirodden, Asker. 


Figs. 3 and 4. Top and side views of the holotype which is an internal cast; note 
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in the top view, the irregularly shaped muscle scar occurring on the right 
side of the glabella just in front of the axial furrow. No. 19164, Zone 6a 
about 17 feet above Zone 5b, Sandviksasen, Beerum. 


Bumastus depressus, Kier. 


Almost perfect cranidium with test present, the holotype. No. 19365, 
Zone 7a, Ulvey. 

A cranidium showing the ornamentation of the test, the axial pits, and 
the posterior median tubercle; posterior branch of the facial suture is 
broken. No. 60618, Zone 7 a, Malmeykalven, Bunnefjord. 

Side view of same specimen. 

Internal cast in which the axial furrow and its continuation to the axial 
pit is much more strongly shown than in the test. No. 19369, Zone 7 a, 
Bjerkoy, Holmestrand. 

Free cheek. No. 19231, Zone 7 a, Bjerkoy, Holmestrand. x 3. 
Incomplete free cheek. No. 19481, Zone 7 a, Bjerkoy, Holmestrand. 


Bumastus bouchardi (Barrande). 


and 12. Top and oblique side views of a specimen showing the test; note 
the facial suture and the tubercle on the test which overlies the axial 
pit developed on the cast. The specimen is broken transversely along 
the posterior edge. No. 19681, Zone 8c, Malmoy. 

Same specimen viewed from in front. 

Same specimen viewed ventrally. Note that the rostral suture is here a 
little behind the margin and occurs on the ventral surface, while the 
posterior edge of the plate is convex caudally. 
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All figures are natural size unless otherwise stated. 
Bumastus bouchardi (Barrande). 


Figs. 1, 2, and 3. Top, side and oblique views of an internal cast. Note that the 
lower portion of the left free cheek has broken away and moved obliquely 
outwards and backwards. No. 19682, Zone 8 c, Malmgykalven. 

Fig. 4. Free cheek showing the eye, eyelid, facial suture, and ornamentation. 
No. 19678, Zone 8c, Malmgy. ~ 3.6. 


Bumastus inflatus, Kieer. 


Figs. 5 and 6. Top and side views of the holotype which has the test preserved ; 
note the foreshortening and depth of the cranidium. No. 21399, Zone 8 d, 
Malmoy. 

Fig. 7. Wash drawing of the holotype to show the four areas which can be 
seen through the test, and are presumed to be muscle scars on the 
ventral surface. 

Fig. 8. A perfectly preserved free cheek. No. 21400, Zone 8d, Malmey. x 2.3. 


Bumastus sulcatus, Lindstrom, var. kiaeri, new variety. 


Figs. 9, 10, and 11. Top, side and oblique views of the holotype; the free cheeks 
have the test preserved but the cranidium is almost entirely in the form 
of an internal cast. No. C0616, Zone 9 d, Langgy, Holmestrand. 

Fig. 12. Pygidium showing the punctate surface both of the test and internal cast. 
No. 19754, Zone 9 d, Langey, Holmestrand. 

Figs. 13 and 14. Top and side views of a pygidium showing the punctate surface 
of the test and the internal cast. No. 60617. Zone 9d, Langey, Holmestrand. 


Pygidium. Type A. 


Figs. 15 and 16. Top and side views of internal cast; note the long spine of the 
caudal fascia. No. 19438, Zone 7 a, Bjerkoy, Holmestrand. 


Norsk geol. tidsskr. 19 


Fig. 
Fig. 
Fig. 


Fig. 


Figs. 
Fig. 


Figs. 


Figs. 


Figs. 


Plate IV. 


All figures are natural size. 
Pygidium Type B. 

1. Drawing of pygidium showing part of the test with terraced lines. 
No. 19546, Zone 7b, Malmey. 

2. Pygidium showing A-shaped terraced lines. No. 19547, horizon and locality 
unknown but probably Zone 7c of Malmoy. 

3. Side view of the same specimen showing the steepness of the posterior 
surface. 

4. Incomplete specimen exhibiting the furrows on the axis. No. 19632, 
Zone 7c, Malmey. 


Pygidium Type C. 


5 and 6. Top and side views of No. 19680, Zone 8 c, Malmoy. 
7. Incomplete pygidium, No. 19679, Zone 8c, Malmg. 


Pygidium Type D (= Bumastus longicaudatus, Kier). 


8 and 9. Top and side views showing the abundant terraced lines with 
intervening punctae. No. 19606, Zone 7 a—b, Leanghogda, Asker. 


Pygidium Type E. 


10 and 11. Top and side views of No. 60619, Zone 7 a, Malmoykalven, 
Bunnefjord. 


Pygidium Type F. 
12 and 13. Top and side views of No. 19180, Zone 6 c, Spirodden, Asker. 
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Ms. mott. mars 23. 1939. 


BERGMESTER 
THOMAS GEORG MUNSTER 


Minnetale i Norsk geologisk forening 23. mars 1939 
AV 
K. O. B}]ORLYKKE 


Bergmester THOMAS MUNSTER dode 10. mars 1938, litt over 
83 ar gammel. 

Han hadde i de siste ar forlatt var forening pA grunn av sin 
hgie alder, men tidligere, helt fra den geologiske klubbs dannelse i 
1893, var han en interessert og hyppig deltaker i klubbens meter og 
tildels ogsa i den geologiske forening efter 1915. 

Han var Kristianiagutt, fodt 1. mars 1855, sonn av professor i 
metallurgi E. B. Minster, hvis navn er kjent bl. a. ved den betyde- 
lige skjellsamling han hadde skjenket til Universitetet; den er nevnt 
i W. C. Broggers store arbeide: ,Om de senglaciale og postglaciale 
nivaforandringer i Kristianiafeltet“ (N.G. U. nr. 31). 

Thomas Miinster passerte gradene pa vanlig vis: Student i 1872, 
bergeksamen i 1878, amanuensis ved metallurgisk laboratorium fra 
1874 til 1881, aspirant ved Kongsberg so@lvveerk fra 1881 til 1892, 
myntguardein fra 1892 til 1899, myntmester fra 1899 til 1906, berg- 
mester i Finnmark distrikt 1906 til 1911, i det ostenfjellske distrikt 
fra 1911 til 1918. Dette var hans hovedstillinger, men han hadde 
ogsa_ bistillinger. 

I 1875 fikk professor Th. Kjerulf, den geologiske undersgkelses 
grunnlegger, oprettet to faste assistentstillinger ved den geologiske 
undersokelse, bestemt for sine to dyktigste elever og medarbeidere, 
Brogger og Reusch. De var i grunnen tenkt som bistillinger med 
en arlig lon av kun kr. 1 200,00. Brogger var dengang amanuensis hos 
Kjerulf og hadde dessuten bistillingen ved den geologiske under- 
sokelse; men da han (Brogger) i 1882 blev kalt til professor ved 
Stockholm hégskola, ikk Thomas Minster bistillingen efter ham som 
assistent ved den geologiske undersokelse, og denne stilling beholdt 
han i 15 ar fra 1882 til 1897, da han, kort efter, blev utnevnt til 
myntmester og senere til bergmester. 
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Stillingen som assistent ved den geologiske undersokelse roktet 
han ved i en del av sommertiden 4 foreta geologiske undersokelser 
og kartlegging pa forskjellige steder, mest pa Ostlandet, tildels sam- 
men med professor W. C. Brogger som i 1890 var kalt tilbake fra 
Sverige og hadde overtatt Kjerulfs tidligere professorat ved Uni- 
versitetet i Oslo. Som eksempel pa sistnevnte samarbeide kan nevnes 
deres beretning om skredet i Verdal i 1893 (St.prp. nr. 70, 1893). 

Miinster hadde forresten ogs& andre jern i ilden. Han var 
politiker og medlem av Kongsberg formandskap fra 1885 til 1904. 
I to stortingsperioder, fra 1891 til 1897, var han stortingsmann fra 
Kongsberg. Om sin stilling som stortingsmann har han selv oplyst 
i Nanna Withs ,Illustrert biografisk leksikon“ at han var _,trofast 
venstremann sa lenge dette parti representerte frisindet i vart land“, 
men senere soknet han til det frisindede venstre, hvor han blev 
,staende i foreningen til vern om den individuelle frihet*. 

Thomas Miinster var ogsa en interessert zoolog og spesialist i 
biller (coleoptera). Derom sier han i ovennevnte leksikon at denne 
interesse skyldte han sin fars kloke opdragelse og ,gamle gartner 
N. Moe pa Toyen, med hvem jeg i guttedagene om sommeren gjorde 
stadige sondagsturer i Kristiania omegn“. Selv pa sine geologiske 
reiser hadde Miinster gjerne sin insekthov og sine proveglass med 
sig for ved leilighet ogsa 4 rokte sine entomologiske interesser. 

Ved sin avskjed som bergmester i 1918 bevilget stortinget ham en 
arlig godtgjgrelse av kr. 2500,00 til fortsettelse av hans entomologiske 
arbeider, mot at hans store insektsamling skulde tilfalle Universitetet 
i Oslo. I 1904 blev han innvalgt i det Norske Videnskaps-Akademi, 
gruppe VII (zoologi). Han var tillike stifter og en tid formann i 
Norsk entomologisk forening, og har ogsa vert formann i Berg- 
ingenigrforeningen og medlem av N. I. F.s representantskap. 

Jeg husker Ths. Minster best fra 1889, da Reusch efter Kjerulfs 
dod i 1888 var blitt bestyrer av den geologiske undersokelse. Miinster 
arbeidet den gang pa kartbladet , Lillehammer“ og jeg pa det norden- 
for liggende kartblad ,Gausdal*. Jeg hadde det nevnte ar funnet 
graptoliter tilhorende etasje 3 og 4 i fyllitten ved Brattland i Vestre 
Gausdal (tidligere kjente man kun dictyonema fra Holberget pa Hard- 
angervidda i denne formasjon). Mitt fund var en nyhet som interes- 
serte Minster meget, og vi kom derved til A reise litt sammen i 
Stroket hvor vare to kartblad stotte sammen. Jeg lerte da Miinster 
a kjenne som en meget hyggelig kollega, glad i naturen og interessert 
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i sitt arbeid. Han var friluftsmann, og man kan kanskje ogsa si 
selskapsmann, men han var neppe noe videre glad i skrivebordet. 
Derfor har han heller ikke efterlatt sig stort av trykte geologiske 
skrifter. Hans omhyggelig utforte dagboker har dog stor interesse 
og vil bli benyttet av dem som i fremtiden kommer til 4 foreta geo- 
logiske undersokelser i de samme trakter. 

Sin storste vitenskapelige innsats har Ths. Miinster visstnok gjort 
som zoolog i sin store coleopterasamling og de dermed forbundne 
publikasjoner, men de tas ikke med i dette korte riss av hans virk- 
somhet som geolog. Om hans innsats som zoolog henvises til minne- 
tale i Videnskapsakademiet av professor HjJALMAR BrocH den 20de 
mai 1938 (Videnskaps-Akademiets arbok 1938). 

Men vi hylder ogsa hans minne som geolog. 


Ths. Miinsters geologiske publikasjoner: 


Bemerkninger om Kongsbergmineralene. (Nyt Mag. for Naturv. Bd. 27, s. 309—322, 
1883.) : 

Dagbok fra en reise i Jotunfjellene juli 1882. Nyt Mag. f. Naturv. Bd. 28. s. 198 
—214, 1884.) 

Forelopige meddelelser om reiser i Mjgsegnene, utfort for den geologiske under- 
sokelse sommeren 1889. (Norges geologiske undersgkelses skrifter nr. 1, 


s. 11—19, 1891.) 

Tekst til kartbladet Lillehammer. (N. g. u. skr. nr. 30, 49 s., 190U.) 

Innberetning om skredet i Verdalen. (St.prp. nr. 70, 1893.) — Sammen med 
W.C. Brogger. 


Talk-kleberstensfeltene i Lalmsgrenden, Vaga, tilhorende A/S Ostlandske steneks- 
port. Lillehammer 1916. Trykt rapport merket konfidentielt. 


Ths. Miinsters skrevne dagboker som opbevares i N. g. u. arkiv, angar under- 
sokelsesreiser (og til dels kjemiske bergartsanalyser) i Sogn (1883 og 1884), Tyin, 
Bygdin og Vinstervatn (1885), Amot i @sterdalen. Eidsvoll (1886), (1887 og 1888 
mangler), Ringsaker, Biri, Gausdal, Torpa (1889), Mjgstraktene, Gran og Tonsasen 
(1890), Gran, strakene omkring Dokkaelva (1891), Tonsdsen, Etnadalen, Ostre Slidre 
og Gran (1892), Ringsaker, Biri, Sondre Land og Gran (1893), Gran og Asker (1894), 
@stre Slidre, Vaga, Biri (1895), Torpa, Vaga, Drammen (1896), Torpa, Dokkvatn 


stroket, Drammen (1897). 


Ms. mott. jan. 28 1939. 


NORSKE MINERALER 
AV BEIDELEM-GRUPEEN 


AV 
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5 tekstfigurer. 


Reidellit er set ave de 
mange leir-mineraler som 
dannes ved kjemisk forvit- 
ring av ymse bergarter. Den 
almindelige norske leir er 
som kjent av glacial oprin- 
nelse og inneholder neppe 
noen nydannete  leirmine- 
raler, men bestar i alt vesent- 
lig av finknust bergart(kvarts, 
feltsat,, glimmer, etc.).! Som 
forst pavist av Reusch? har det imidlertid dannet seg en del kaolin 
pa sprekker i anorthosit pa Sorlandet, men kaolin (senere ogsa iakt- 
tatt pa Vestlandet) har statt som det eneste ekte silikatiske leir- 
mineral kjent fra norsk forekomst. Det tor derfor vere av interesse 
at ogsa beidellit na er funnet i Norge. 


Fig. 1. Finnesteder for forvitringsleir. (x) 


1. Forekomst. 


De to best undersokte forekomster er dannet ved forvitring av 
kvarts-monzonitiske bergarter pa Sorlandet (se fig. 1): (1) I Oftedals- 
bakken pa den Sorlandske hovedvei 2 km E for Lyngdal kirke. 
(2) Ved Egelandsbrokka pa bygdeveien 1 km S for Uligjellvatn pa 
Lista. Forekomstmaten er ganske karakteristisk: Den faste bergart 


' O. N. Rove: Norske lerer, IV, Statens rastoffkomité, Publemize2oe 


* H. Reusch: En forekomst av kaolin og ildfast ler ved Dydland neer Flekke- 
fjord. Norges geol. unders. arb. 1900, s. 99—103. 
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Fig. 2. Forvitret bergart ved Ullgjell. Pa dette sted har den veert tatt ut med hakke 
og spade og brukt som veigrus. Pa toppen ligger almindelig morene. 


er ,ratnet“ 9: den er lokalt blitt los og leiraktig slik at den kan tas 
ut med spade. Utseendet er ganske eiendommelig, idet produktet 
ved forste blikk synes a besta av fast fjell. Det har fjellets farge 
og struktur; arer og lag optrer akkurat som en ser dem i en fast 
fjellvegg, og nar en kommer nermere, kan sogar de enkelte mineral- 
korn, som bygger op fjellet, skjelnes. Men gar en helt hen, viser 
det seg at en med spade kan skave skiver ut av ,fjellet“. 

Jeg har sett liknende leirforekomster i de gstlige atlanterhavs- 
stater, Virginia og North Carolina i U.S.A. De opfattes av alle 
amerikanske geologer som interglacialt forvitringsleir. Jeg har ogsa 
hatt hove til 4 vise fram forekomsten i Lyngdal til professor Waters 
fra Standford University, California. Uten betenkning betegnet han 
den som et utransportert forvitringsprodukt og tilfoyet at helt analoge 
leirer finnes i veststatene i U.S.A. 

Na er imidlertid langt fra hele bergarten i Lyngdal gatt over 
til leir. Det aller meste er enna uforandret, derfor ser det ogsa pa 
avstand ut som fast fjell. Men hele fjellet er gjennomvevet av utal- 
lige, mikroskopisk fine sprekker som er fyllt med den leiraktige 
substansen (se fig. 3). Denne substansen bestar vesentlig av et 


beidellit-liknende mineral. 
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2. Kjemiske undersgkelser. 


Tabell 1 inneholder analyser av helt frisk 
bergart og av den forvitrete bergart. Den friske 
bergart er typisk for dette omrade: Helt upresset, 
temmelig grovkornet kvarts-monzonit bestaende 
av kvarts, mikroklinperthit, oligoklas (23 An), 
pyroxen, magnetit. 

Fig. 3. Mikrobilde av Analysene viser at forvitringsprosessen har 
forvitret bergart fra forarsaket utluting av jern og kalk,' anriking av 
punedel aluminium. Ellers er de andre konstituenter 
F = uforandret feltspat, ; 3 
M=zoner av beideilit, te™melig uforandret. Dette tyder pa at kvarts 
og mikroperthit var stabile, mens oligoklasens 
anorthitkomponent var ustabil under forvitringsprosessen. Samtidig 
har beidellit utkrystallisert pa sprekkene. 

For a undersoke leirsubstansen ngyere ble den forvitrete bergart 
slemmet pa almindelig mate i en Atterbergs slemmecylinder. Frak- 
sjonen mellom 0,002 og 0,001 viste seg under mikroskopet 4 besta 
av litt kvarts, mikroklin, plagioklas og jernoxyder, men mest av tynne 


Tabell 1. 


(1) Frisk og (2) forvitret bergart fra Ullgjell, Lista. 
(Analytiker: (1) Barth, (2) Bruun.) 


SIO satu che ony es 66,03 66,16 
OS cayenne ae escs meena eS 0,23 
AlsOsmm iin dade aera ee 13,90 17,28 
Fea Ogre shamrccioctanon te eee 2,19 1.18 
OVS te cones Oo eee 451 1,38 
Nig ©) 4 eetat cate eee 0,76 0,87 
CaO ire tat ©one ape 3,06 0,41 
NasOay. rer eee aes 3,70 Sys} 
Ka OSs eee cea 4,49 5,00 
HyOR ee anes bee: een 0,24 4,56 
Ps Ogveytes sit nen 0,25 2 
Sime 100,28 100,20 


‘ Liknende resultat fas ved kunstig utluting av granitt med destillert vatn, se 
E. H. Davison: The Leaching of Granite and some other Rocks. Min. Mag. 1938. 
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glimmerliknende, farglose flak av et leirmineral med lysbrytnings- 
index omkring 1.54. Tabell 2 viser analyser fra denne fraksjon samt 
de beregnete mineral-sammensetninger. 


Tabell 2. 


Analyser av kornsterrelses-fraksjonen 0,002—0,001 mm 
utslemmet fra forvitret bergart fra (1) Lyngdal og (2) Lista. 


(Analytiker: Bruun.) 


Kvar 


Albit 


jy oth ene CORIO Te 


2 Fe,Os bs 3 H,O 


Al,Oz : Zz, SiO, : nH,O cae 


FeO, MgO etc 


Sump 


| | : 
43,56 42,33 
OEE 0,88 
24,04 21,68 
12,27 15,69 
1,20 0.44 
1,60 0,82 
spor spor 
0,68 0,58 
1.51 1,31 
15,07 16.27! 
100,10 100,00 
9,0 11,0 
8,9 7,8 
5,8 4,3 
14,1 18,3 
59,52 55,62 
3,0 a4 
100,3 99,1 


1 Differens. — 2? Noyagtig formel: Al,O; -2 SiO,-3.5H,0 — 
3 Noyagtig formel: Al,O3 - 2 SiO, -4 H,O. 


3. Fysiske egenskaper. 


De kjemiske undersokelser er ikke tilstrekkelige til 4 identificere 
mineralet, for ikke mindre enn fire forskjellige leirmineraler synes 
4 ha formelen: Al,O, -2SiO,-4H,O, nemlig: kaolinit, dickit, nakrit 


og metahalloysit. 


Leirmineralet fra Sorlandet viser imidlertid en eiendommelig 
svelling i forbindelse med sorpsjon av vann. Denne egenskap er 
ikke karakteristisk for noen av de fire nevnte mineraler, men synes 
utelukkende 4 vere bundet til mineraler av montmorillonit-gruppen. 


304 TOM. F. W. BARTH 


90% i dampmettet 
atmosfere 


Zoho ————> 


Temperatur ————> 


Fig. 4. Hydreringskurve for beidellit-holdig 
leir fra Lyngdal. 


kurve (fig. 4) er reversibel: ved avkjolin 


Forsok viser nemlig at 
vanninnholdet ikke er kon- 
stant, men varierer med 
temperatur og luftfuktighet. 
En prove fra Lyngdal i like- 
vekt med laboratorieluft av 
20° hadder 45,07 a HEO: 
I likevekt med dampmettet 
luft av 20° hadde proven 
90,5 °% H,O.1 Ved hgyere 
temperatur avtar vanninn- 
holdet gradvis (se tabell 3 og 
fig. 4). Denne hydrerings- 
g optar preven nemlig atter 


vann fra luften og kommer noyaktig tilbake til de gamle verdier. 


Denne egenskap har bare veert pavist hos 


mineraler av montmorillonit- 


gruppen hvortil horer montmorillonit, beidellit og nontronit. 
Lysbrytningen hos disse leir-mineraler er meget vanskelig a be- 


stemme, bade fordi mineralkornene er 


sa sma og fordi mineralene 


sorptivt kan opta immersjonsveskens molekyler, hvorved lysbryt- 
ningen endres. De beste verdier gjengis: 


ro B, Y 


ea 


Lyngdal: — 1,54 liten, negativ: 
Lista: lyol 1,535 cas.0 senevativ: 


Tabell 3. 


Hydreringskurve for leirstoffet fra Lyngdal 
(kornstorrelsesfraksjon 0,002—0.001 mm). 


Tilstand 


I dampmettet atmosfere, 20° 
Lufttorret i lab. 20° 
50.€ 
iO" <C 
HSC 
BESS 
Gledet 


' Preven blev satt i en exciccator med vann. 


Inneholder 
%o H,O 


90,5 

15,07 
9,72 
6,82 
5,56 
4,60 
0,0 
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4. Diskusjon. 


Etter Nagelschmidt kan det kjemiske innhold av montmorillonit- 
gruppens mineraler fremstilles ved folgende trekantdiagram (fig. 5). 
De der benyttede formler skulde gjelde for vannfri substans. Men 
i virkeligheten har det ikke vert mulig 4 angi en sikker kjemisk 
formel for alle disse mineraler. For monmorillonit angis av flere 
franske og amerikanske forfattere forholdet SiO, : Al,O,—5: 1, mens 
tyske og engelske forfattere som regel setter SiO, : Al,O,=4:1. For 
beidellit angir de fleste forfattere SiO, : Al,O,=3:1. Nagelschmidts! 
formel er da ogsa bare 4 betrakte som en ,ideal‘-formel, idet han 
uttrykkelig gjar opmerksom pa at Si i 4-koordinasjon delvis erstattes 
av Al. Derfor vil SiO, : Al,O, <<4:1 (dessuten er endel Al her er- 
stattet med Fe). For nontronit hersker ennu stgrre usikkerhet idet 
etter de foreliggende analyser forholdet SiO,: R,O, varierer fra 4,72 
til 1,64. 

I et sammenfattende arbeid har v. Engelhardt? bl. a. opfort en 
hel del analyser av forskjellige leir-mineraler og etter hans tabeller 
er det utvilsomt at forholdet SiO,:R,O, avtar fra montmorillonit 
(med maximum ca. 7: 1) gjennom beidellit til nontronit (med minimum 
ca. 1,6: 1). Lysbrytningsindices er for montmorillonit og beidellit: 
B~y= ca. 1,53, for nontronit: B~y ca. 1,60. 

Betraktes na analysen i tabell 2, synes det som om leir-mineralene 
bade fra Lyngdal og Lista ma ha et forhold SiO, : Al,O,= ca. 2: 1. 


Mg-beidellit 


Me,Si 0,1 


Montmor- 
illonit 


A1,S1,0))) 


Nontronit 


Beidellit 


€991,04 


Fig. 5 Montmorillonit-gruppens mineraler (etter Nagelschmidt). 


1 G. Nagelschmidt: Atom Arrangement and Variability of Members of the Mon- 
morillonite Group. Min. Mag. 25, 1938, s. 140. 

2 W. v. Engelhardt: Uber silikatische Tonminerale, Fortschr. d. Min. etc. 21, 
1937. Se ogsa: A. F. Hagner: Adsorptive Clays of the Texas Gulf Coast. 


Amer Min. 24, 1939. s. 67—109. 


Analysene kan sogar godt beregnes slik at forholdet blir enna mindre, 
nemlig ved 4 la noe av det tre-verdige jern ga inn som konstituent 
i leir-mineralet. Men for a fa forholdet storre, matte en enten tenke 
seg endel alkali adsorptivt bundet til beidellit, hvorved feltspatinn- 
holdet ville ga ned, eller at leira inneholdt endel beauxit eller liknende 
aluminiumshydroksyder. Under ingen omstendigheter kan en dog fa 
SiO ms AL Ose Seal 

Ingen analyse av ekte montmorillonit viser SiO, : Al,O; <4: 1; 
men hos beidellit er forholdet SiO, : AlLO, 23: 1. 

Nerverende undersgkelse har altsa vist: 

I de typiske leir-mineraler fra Lyngdal og Lista er vanninnholdet 
ikke konstant men varierer med luftens temperatur og fuktighet. Mine- 
ralene ma derfor tilhore montmorillonit-beidellit-nontronit-gruppen. 
Lysbrytningen stemmer ikke med nontronit, og den kjemiske sammen- 
setning stemmer darlig med montmorillonit, mens bade kjemisk sammen- 
setning og fysiske egenskaper stemmer noenlunde bra med beidellit. 

Beidellit ble forst beskrevet fra Amerika.’ Data fra originalfore- 
komsten gjengis i tabell 4. 


Tabell 4. 


Analyser av beidellit fra (1) Beidell, Colorado? 
og (2) Lista, Norge.3 


SIO} Gc hee een 47,28 42,33 
TOF Ren eee — 0,88 
Alb Og tera te rte eee eee S20127 21,68 
Fes Ose ence ee Rear ee 8,68 15,69 
FEO) Pieper Pr nee een — 0,44 
Wel OEE Rerains eee cht 0.70 0,82 
CaO is fron te. ceation ne nie ee Das spor 
Nas Orato ee eee 0,97 0,58 
KO teeta ane ere spor 1,31 
sO Sete cie canals aca eee ie 19,72 16,27 
CMR ie Sent ete oa aes 1,494 1,51 
IMS, ok ile Arye le 1,536 LBs) 
(2 Vinee ee “small” Cane 


' E.S. Larsen and E. T. Wherry: Journ. Washington Acad. Sci. 15, 1925, s. 465 
2 Etter Ross and Shannon: Journ. Washington Acad. Sci. 15, 1925, s. 467. 
> Forurenset med feltspat, jernoksydet etc., se tekst og tabell 2. 
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5. Oprinnelse. 


Nermest skulde jeg tenke meg disse leir-mineraler framkommet 
ved preglacial (tertizr) forvitring. Det kreves ikke noe spesielt varmt 
Klima for at slike mineraler skal dannes. I Amerika optrer de som 
nutidsdannelser helt nord til den sydlige del av staten Oregon. Men 
i vart naverende klima kan de neppe dannes. Det synes derfor 
rimeligst at de ma vere rester fra en preglacial tid. En skulle da 
ha chance til 4 finne dem som rester i klofter eller sprekker som 
la’ beskyttet mot breene fra den siste istid. Men forekomstene ved 
Lyngdal og pa Lista ligger slik til, geografisk sett, at de pa ingen 
mate kan sees a ha veert beskyttet mot breene. Serlig gjelder dette 
forekomstene pa Lista. De ligger her pa et framspringende sted litt 
oppe i vestre side av en N—S gaende flat dal. Under en nedisning 
synes det sikkert at dette stedet matte ha veert serlig utsatt for 
is-erosjonen. Det er derfor vanskelig 4 forklare denne forekomst pa 
en plausibel mate. 

Efter iakttakelser av lektor Wettergreen Jensen fins det ingen 
is-skurte fjell-nabber pa Lista eller i skjargarden ved Farsund. Dess- 
uten er de lave fjellene takkete og spisse og har i det hele tatt en 
form som tyder pa at de ikke har vert dekket av innlandsisen. 
Dette star i motsetning til fjellene like nord for Lista. Disse rent 
glacial-geologiske problemer skal imidlertid ikke diskuteres videre her. 


6. Andre forekomster av leir-mineraler i Norge. 


Som nevnt i innledningen finnes kaolin-mineraler pa sprekker 
i anorthosit pA Sorlandet (ogsa pa Vestlandet). En analyse av leir- 
stoffet fra en forekomst ved Dydland (offentliggjort av Reusch) 
sammen med optiske bestemmelser som jeg siden har foretatt er 
i tabell 5 sammenstillet med tilsvarende data fra en amerikansk 
forekomst. 

Et ikke-silikatisk leirprodukt, nemlig laterit, kan, som Gold- 
schmidt! har pavist, dannes ved forvitring av basisk plagioklas. 

Andre ngyere undersokte forekomster i Norge kjenner jeg 
ikke, men jeg tror likevel at videre feltundersokelser vil vise at 


1 V. M. Goldschmidt: Om dannelse av laterit som forvitringsprodukt av norsk 
labradorsten. Festskrift til Sorlie, A. W. Broggers boktr., 1928, s. 20. 
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‘Ta belt. 


Analyser av (1) kaolin fra Dydland 
(etter Reusch, l. c.) og (2) kaolinit fra Pontiac, S.C. 
(etter referat av v. Engelhardt, l. c.) 


SiO gece eee eee 47,83 45,56 
NI Ogt her toe en etree ee 34,53 37,65 
Fe, Osa. ae ee ee. Wil eis 
IMO ven tele eaccmie pee tecot 0,59 0,07 
CaO Mee ee eee 0,48 0.10 
Nae O ait ate ree ik. best. 1.16 
ONO Pe oe ee ke ik. best. 0,11 
HO 7 ance ee 13,76 14,42 
Stier 98,89 100,61 

TEL. A aR eee 1,52 1,553 

Bacto eee Lar cw rae 1,557 1,559 

pe nt a tet ti BRS As 1,557 1,560 

(= )h2-V Senn Sey oreo liten 42° 


vi mange steder her i landet har spredte forekomster av ekte 
leirmineraler. 

Fra Skogset i Hurdal ble det innsendt til Mineralogisk Institutt 
et leiraktig stoff som skulde finnes i ,store mengder“. Under mikro- 


skopet viste det sig 4 vere meget rent og likne pa kaolinen fra 
Dydland: 


a=1,54; B~y=1,56, 2V er liten, negativ. 


Et liknende leirstoff, men meget mere urent ble funnet av 
professor Holtedahl pa Land. I denne prove er det en hel del 
muskovit, men dessuten et kaolin-liknende mineral med B\y=1,55. 

Ved Noklevatn i Wstmarka ved Oslo finnes ,rattent fjell“ som 
tildels minner sterkt om det ved Lyngdal, men selve leir-mineralene 
minner under mikroskopet mere om kaolin enn beidellit: Sammen 
med bruddstykker av mikroklin og muskovit ser en sma skjell av 
et leir-mineral med lysbrytningsindex omkring 1,54 til 1,55. 

Ved Flatevarp (ner Porsgrunn) er det noen store sprekker i 


fjellet hvori lektor Wettergreen Jensen har funnet en forvitringsleir 
som minner om beidellit. 
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Det kan i denne forbindelse ogsA nevnes at to meget finkornete 
finnlandske leirer — dannet pa samme maten som vare norske leirer — 
synes a holde temmelig meget av et ekte leir-mineral.. Og i et feltspat- 
brudd i Finnland mener Lokka? 4 ha funnet beidellit som omvandlings- 
produkt etter glimmer. Men fysikalsk-optiske bestemmelser mangler. 
Folgende uttalelse av Sederholm? er overordentlig interessant: 
“Verwitteruggsschutt liegt allerdings noch an gewissen Stellen inner- 
halb Fennoskandias bewahrt. So ist der Felsengrund im siidlichen 
Enare im Finnisch-Lappland bis zu einer Tiefe von 10-—30 m ver- 
wittert, zuoberst in dem Masse, daf} das Gestein mittels Schaufel 
ausgegraben werden kann, obgleich in demselben alle Einzelheiten 
der Struktur, wie Faltung, Adern u. dgl. noch gut beobachtet werden 
kénnen“*. — Her gjengir Sederholm et fotografi som er forbausende 
likt fig. 1 i denne avhandling. Han fortsetter sa: , Dieses Gebiet liegt 
allerdings am friiheren Eisteiler, und die ,Exaration” war hier aus 
leicht erklarlichen Griinden wenig oder garnicht wirksam..... Da- 
gegen ist der Mangel an praglacialen Verwitterungsprodukten ein auf- 
fallender Zug in den meisten anderen Teilen Fennoskandias*“. 

Kaolin har ogsa veert funnet i Finnland,* 

Tilslutt skal nevnes at det beidellit-holdige forvitringsmaterial 
ved Lyngdal og pa Lista med fordel er blitt anvendt som veigrus. 
Utlagt pa veibanen skaper det nemlig en hard og) jevn overflate 
som ikke stover i godver og ikke soler i regnver.® I Vest-Agder 
har dette stoff vist seg all annen naturlig veigrus overlegen. 

De ovenfor gjengitte undersokelser har gjennom Handelsdeparte- 
mentet vert bekostet av midler som Radet for Teknisk-industriell 
Forskning har stillet til min radighet. 


1 B, Aarnio: Uber die Tone Finlands und ihre Eigenschaften, Agrogeologisia 
Julkaisuja, No. 46, 1938. 

2 L, Lokka: Uber den Chemismus der Minerale eines Feldspatbruches in Kangu- 
sala, Bull. Comm. Geol. Finlande, No. 1/1, 1935. 

3 J. J. Sederholm: Bruchspalten und Geomorphologie von Fennoskandia. Bull. 
Com. Geol. Finland, No. 37, 1913, p. 33—35. 

4 B. Frosterus: Uber Kaolin im kristallinen Felsgrunde Finnlands. Fennia 50 
Nr. 39, 1928. Idem: Anmerkung zu einem Vortrage und einem Aufsatze von 
Dr. H. Vayrynen: Uber den Chemismus der finnischen Kaolinvorkommen. 
Compt. rend. Soc. Géol. Finlande 1929, Nr. 2. H. Vayrynen: Geologische und 
petrographische Untersuchungen im Kainungebiete. Bull. Comm. Géol: Fin- 
lande 1928, Nr. 78. 

_5 En utforligere beskrivelse har jeg gitt i ,Meddelelser fra Veidirektoren® Nr. 8, 


1938. 
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Etter at foranstaende var skrevet ble i lopet av varen 1939 
ytterligere funnet folgende forekomster av beidellit-holdig forvitrings- 
leir: alle i Vest-Agder: 1) En ca. 1.5 km lang zone ved Skarstad pa 
heia mellom Mandalen og Audnedal. 2) Ved Skogsfjord bru 5 km 
W for Mandal. 3) En zone mellom Spetland og Haddeland samt 
en forekomst ved Urdal i Mandalen (ca. 6 km N for Mandal). 
4) Ved Berge Sag ved hovedveien 3 km E for Mandal. 5) Ved 
Systad pa Royslandsveien ca.5 km E for Moll bru. 6) Ved vestre 
ende av Groheia-tunellen (ved Farvatnet) pa Sorlandsbanen ca. 9 km 
W for Kristiansand. 


Summary in English: 


Beidellite Minerals from Southern Norway. 


The common Norwegian clays are glacial in origin and contain 
essentially fine-ground rock powder (quartz, feldspar, mica, chlorite, 
etc.) without any new-formed crystals of clay minerals. Beidellite 
is thus a new mineral for Norway. The occurrences here described 
(see Fig. 1) are supposed to have formed through rock weathering 
in pre-Glacial time. 

Table 1 contains: (1) an analysis of fresh rock, and (2) an ana- 
lysis of the weathered rock. The weathered rock is dissected by 
innumerable fine cracks filled with a clayey substance containing 
beidellite. Analyses of the clayey substance are entered in Table 2. 
The calculated formula for this beidellite is approximately: Al,O, 
-2 SiO, -nH,O. The mineral posesses characteristic water sorptive 
properties (see Tab. 3 and Fig. 4). Optical data: 


a=1,51, B~=1,535, (—)2V=ca. 0°. 


In spite of the low silica content (SiO, : Al,O,=2:1 instead of 


3:1) the physical properties of this mineral places it with the bei- 
dellite family. 


Mineralogisk Institutt. 
25. Januar 1939. 


Ms. rec. May 20, 1939. 


NORE ONTHE WOHLERLEFE GROUP 


BY 
O. KRAUS 


In 1937 (Norsk geol. tidsskrift. 17. 17—30) M. A. Peacock 
published an investigation on rosenbuschite, in which he showed, that 
this mineral has the chemical composition (Na, Ca, Mn),, (Fe, Ti, Zr), 
(Si,O3.)F,. The unit cell is triclinic. The relation to wollastonite, 
suggested by BRO@GGER, could not be confirmed. PEACOCK believes 
that the mineral belongs to the wohlerite group, apparently without 
knowing that the wohlerite group already had been investigated. 

X-ray data obtained in 1934 by B. GossNer and the author 
(Centralbl. f. Min. A. 72—79), show that there are indeed close rela- 
tions in structure and chemical composition between rosenbuschite 
and the minerals of the wohlerite series. All these minerals have 
similar unit cells and the chemical formula is of the same type. 

The results of this investigation are: 


a b Cc a B Y 
wohlerite 10.80A 10.26A 7.26A 90° 108°57’ 90° 
(monoclinic) 
lavenite 10.93 9.99 7.18 90° 110° 18’ 90° 
(monoclinic) 
hiortdahlite 10.91 10.29 doe OO" 20) 108 280 00.6: 
(triclinic) 

And PEACOCK found: 
rosenbuschite 10.12 11.39 7.27 91°21’ 99° 38%’ 111° 54%)” 
(triclinic) 


Exchanging a and b in rosenbuschite, the correspondence between 
the four minerals in the lattice constants is evident. The type of 
the formula found by GossNeR and the author is the same. The 
fact that different authors come to the same result, proves that the 
given data for the minerals of the woOhlerite group may be con- 
sidered right. 

Munich, Mineralogical Department 
of the University. 


Ms. rec. June 17, 1939. 


ARMENITE, A NEW MINERAL 


PRELIMINARY NODE 
BY 
HENRICH NEUMANN 


In the present paper a short description is given of a new 
‘mineral which is found on the silver-bearing calcite-veins near Kongs- 
berg. The mineral is named after Armen Mine, the only locality in 
which it is found. 

The only existing specimen was collected in this mine by cand. 
min. O. A. Corneliussen in 1877. He signed it “Epidote?”, and as 
such it has been kept in the collections of the university until it 
was rediscovered by me last February. 

Crystallography. Pure armenite is colorless and has well devel- 
oped prismatic pseudohexagonal crystals with poorly developed ter- 
minal faces. The crystals attain a size of I'l2><'l2cm. The pseudo- 
hexagonal form is due to twinning along an axis parallel to the 
optic direction «. Armenite has three cleavages +. cutting each 
other under nearly 60°; it may also be a cleavage | «. The crystals 
may be rhombic (?). 

Chemistry. A chemical analysis carried out by stud. mag. scient. 
Lars Lund shows that the mineral is a water-bearing alumo-silicate 
of Ba and Ca. The chemical composition approximately corresponds 
to the formula BaCa,Al,Si,O,, -2H,O. The analysis and a discussion 
of the formula will be published later. 

Physical properties. Armenite is biaxial negative with the acute 
bisectrix near 60°- 8=1.559+0.002 and «=1.551+0.002. The hard- 
ness is between 7 and 8, and the specific gravity is 2.77. 

The systematic position of armenite is still uncertain, but I 
hope to be able to discuss this matter in a later paper. 

Occurrence and paragenesis. As mentioned above armenite is 
found in a silver-bearing calcite-vein near Kongsberg. It crystallized 
directly on the wall of the vein and was later encompassed by calcite. 
‘Other minerals occurring together with armenite on this specimen 


ARMENITE, A NEW MINERAL Sls 


are pyrrhotite, axinite, and quartz. They are all younger than armenite 
except possibly pyrrhotite, the age of which is not quite certain. 

Acknowledgements. | want to thank stud. mag. scient. Lars Lund 
for his exellent assistance in the chemical work. 

Thanks are also due to the director of Mineralogisk Institutt 
Professor Tom. F. W. Barth and the director of Mineralogisk Museum 
Professor V. M. Goldschmidt for their kind help and advice, placing 
the facilities of both institutions to my disposal during this work. 

The work is done with grants from the Sulitelma Fund. 


Mineralogisk Institutt, Oslo. 
June, 1939. 
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ONSTHE* © CCURKRENG HAO Tea 
IN NORWEGIAN MINERALS 


BY 
IVA RSO PRED AL 


Abstract. A large number of Norwegian minerals were examined by means 
of optical spectrograms. In the present paper are listed those which were found 
to contain tin. They are almost exclusively minerals from sulphidic ore deposits 
and minerals from pegmatites. (In some pegmatite minerals tin has been found 
earlier by chemical methods. These are quoted, with references, as completely 
as possible.) Tin contents as high as 1% are quite exceptional and have so far 
been found (not counting the nordenskidldine) only in samples of yttrotantalite, 
samarskite, thortveitite, and perhaps ilmenorutile. Tin contents lower than 0.001 % in 
sulphide minerals and lower than 0,01% in the other minerals can generally not be 
detected by the -method here applied, therefore these figures will mark the upper 
limit of the contents for those minerals in which no tin was found. Although 
this investigation reveals the occurrence of tin in a considerable number of Nor- 
wegian minerals it confirms the general impression that Norway is particularly poor 
in tin: the highest percentages are found only in very rare minerals. 


It is well known that tin has been found in Norway only in 
rare cases and in quite small quantities. The following is a com- 
plete list of the data I have been able to trace in existing literature. ! 

In Gmelin-Kraut’s Handbuch (I. c.) is quoted that tin has been 
found in tritomite from Brevik, in fergusonite from Hampemyr, 
Tromoy, and in ,all Scandinavian epidotes*. 

I. and W. Noddack? have given Sn-concentrations for more than 
40 Norwegian minerals. The figures are, however, mostly far below 
the sensitivity limit of the method applied in the present investig- 
ation, so that it is no use quoting them for comparison. It also 


‘ A collection of older data and references concerning tin in minerals in gene- 
ral is found in Gmelin-Kraut’s Handb. d. anorg. Chemie, Bd. IV, 1, 233 ff., 
1911. 


» Die Geochemie des Rheniums, Zeitschr. phys. Chem., Abt. A, 154, 214 ff. 
1931. 
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(The percentages are given in round figures calculated as Sn.) 
a et re 


Mineral % Sn Reference 
Nordenskidldine, Langesundsfjord ..... 42.5 
Xenotime, yes 0.1 W. C. Bragger, 
olymignitess s tavern r= a= iis or. or 0.1 Zeitschr. Krist. 76, 1890. 
Pyrochlorcwey ——- ss tree a enceee ee 0.5 
pcre tee ue; Berea Rad eee eae 0.8 
Arendal (3, anal.) :.-...:.. 0.5 
Mossite, RAGe Ran ee sheen och 0.2 
Columbite, Annerad, Valer........... 0.6 
_—,— Buvlevik RAGS tesa: cies 0.4 
BuxenitessAlve, Dromgy ..).25. 2222... 0.2 W. C. Brogger, 
BlomstrandinesArendalies sco. ean aan 0.2 Vid. Akad. Skr. J, 1906, No. 6, 
— Hidra (Hitteray)! ......-. 0.1 
Sau: Odegardsletten, Valer...... 0.5 
—,— Aslaktaket SS ook 0.1 
Yi rOotantalte. eres Rade. ae a5 ci 1.0 
== Hattevik, Dillinggy ...... 2.4 
,Annergdite“, Annergd, Valer......... 0.1 We Ca bra Gl hasthimgoelssile 
eM OGINE BELVAlOY cle arjeteres ciel irse oie rie 0.2 
# —, ates De ATETICA eee 0.1 ke Biometand 
Onazitess valovare emery, 6or. te Aa 0.1 d 
SO 0.1 ee sare pilin) 1807, 
Se mV LOSSa (2 MARA te ya ote rere ote 0.2 
BUXeDILesSetescal (2yailal,)ee 7 mine eae 0.1 |\ Anal. 1909-10, quoted in Doelter’s 
—,— Eitland, Farsund............ 0.1 |f Handb.d.Min.-Ch., Bd. Ill, 1, 1918. 
Priontemmenicsrad, ihyelands 2. 7 iin ay fe ) J. Schetelig, 
Risgrite, Gryting, Gjerrestad .......... tr Vaid. Akad) Skr1,,)1922,, Nowe 


makes some difficulty that many of the localities are given only 
approximately and one or two obviously incorrectly (e. g. cleveite, 
Brevik). However, one or two cases of definite disagreement will be 
mentioned in their turn. 

The following older data are considered doubtful by the authors. 


Euerasitey Langesundsfjord ......... W. C. Brogger, Z. Krist. 16, 1890. 
Vesuvianite, Talvik, Seiland. ......... Tom. Barth, Vid. Akad. Skr. I, 1927, No. 8. 
Cassiterite, Glitrevatn, Modum. ....... Wa Gm Brogver. lec, ps 16, andi. er 


Goldschmidt, Kontaktmetam. p. 280. 


All the minerals listed, not counting the doubtful cassiterite and the 
certainly also doubtful epidote, are pegmatite minerals, mostly rare. 
The only real tin-mineral, the nordenskidldine, is extremely rare in 


Norway. 


1 Larger quantities of nordenskidldine have lately been found in Arandis, SW- 
Africa. P. Ramdohr, N. Jahrb. f. Min. &c., BB. 68, 288, 1934. 
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In the course of some spectrographic work, primarily not done 
for the special purpose of tracing tin, I found that tin enters into 
a considerable number of Norwegian minerals, also of other kinds 
than those listed above. The concentrations are, however, very low, 
only seldom as high as 1%. The first accidental observations I have 
now supplemented systematically to some extent. But of course the 
following does not pretend to approach a complete account of the 
distribution of tin in Norway. 

The spectrograms were all made with a quarz spectrograph, 
constructed by dr. R. Mannkopff in Gottingen, in the ultraviolet. 
For the identification of tin were used the two lines 3175.04 and 
2839.99, sometimes chequed by several others. In the region of 
these lines the spectrograph gives a dispersion corresponding to 5 
to 7 A per mm on the plates, and the lines are very sharp and 
narrow. Under these circumstances the two tin lines are both di- 
sturbed by other elements only in very special cases, so that by 
careful work and not too low intensities there is no danger of 
making mistakes. As to the concentration of the tin the order of 
magnitude was determined by comparison with spectra of standard 
mixtures containing known percentages of tin ranging from 1% to 
0.001%. As the intensities of the spectral lines of a minor consti- 
tuent at a given concentration may depend considerably on the nature 
of the main substance the mixtures were made to correspond roughly 
to the types of minerals examined. The minerals found to contain 
tin and listed below are almost exclusively sulphides (mostly zinc 
blendes and galenas) and rare earth minerals, therefore sets of 
Standard mixtures were made with ZnS, PbS, thalenite, and blom- 
Strandine (poor in tin) as main substances, further albite was used 
for one mixture. The intensities of the tin lines in equivalent ZnS 
and PbS mixtures agree very well, and it is possible to trace tin 
in them down to a concentration somewhat below 0.001%. It is 
found that these mixtures give good results not only for zinc blen- 
des and galenas but also for chalcopyrite, and it may be assumed 
that they will apply fairly well also to other sulphide minerals. The 
thalenite mixture was made for comparison with rare earth silicate 
minerals. The tin lines here turn out to be somewhat weaker than 
in equivalent sulphide mixtures and can hardly be traced much below 
0.01%. In the blomstrandine mixtures, made in view of the rare 
earth niobates and tantalates, the tin lines are still weaker at corre- 
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sponding concentrations and disappear entirely at about 0.01%. This 
Strong weakening is — in any case partly — due to the fact that 
spectra of rare earth niobates and tantalates generally show a very 
heavy continuous background blackening.’ The albite mixture shows 
rather high intensities of the tin lines, not very much lower than 
the equivalent sulphide mixtures. It was used for the examination 
of ordinary silicate minerals and tentatively also in a few other cases 
(e. g. chrysobery]l). 

As an artificial mixture is physically different from the powder 
of the corresponding natural mineral and therefore may behave 
differently in the carbon arc the comparability of their two spectra 
is not beforehand secured. Special precautions may be necessary to 
produce reliable comparison spectra. In the above cases it seems 
well ascertained that fairly good comparison spectra have been ob- 
tained, so that the following figures will give roughly the correct 
values of the Sn-concentrations. The percentages are generally ex- 
pressed only in whole powers of 10. The signs > and < sometimes 
prefixed are meant to alter the values not more than half way to 
the next power of 10. 


1. Sulphidic ore deposits. 


The minor constituents of Norwegian sulphide minerals, espe- 
cially zinc blendes and galenas, will be dealt with more fully in a 
future publication. Here will be listed only those in which tin has 


been found. 


a. Contact deposits of the Oslo Region. 


Minerals from some twenty different localities have been exami- 
ned, including the majority of the larger zinc and lead deposits. 
They are on the whole extremely poor in tin, the only positive data 
being the following: 


1 The importance of this background effect has been emphasized very much by 
L. W. Strock. See Tidsskr. f. Kjemi og Bergv. Nr. 6, 1938. 
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ZLinicy blendees cseaeres teers SandesZincuMineir sere er < 0.001 
Gangue (essentially garnet)'..... SS, vig gl PANE icig abeeReteseperene 0.001 
Zinc Dlende on)... ie eee | Kankebyaublakadalleesstesemner trace 


Man eanesea ga; tlc turer n ett teneenete INyseters Grilasan eet eerie 0.01 


The tin supposed to be present in quarz porphyry greisen in the 
Glitrevann district could not be detected in a sample labelled [en- 
seter—Maurtjern, collected by V. M. Goldschmidt. I may also 
mention that epidote from Glomsrudkollen was examined with nega- 
tive result. 


b. Deposits in the southern Pre-Cambrian area. 


Minerals from nearly 30 single localities were examined, in- 
cluding deposits of various kinds and certainly very different ages. 
Tin was found in the following: 


| % Sn 


Chalcooy rites seer tree OR, WEIS oo gh ewcs ode 0.001 
Zin CEblend Cee err Reta eeteet: Hens /Adalenmy wi ee see trace 
Sap | | PSovig a ORS a cion Kongsbersedistrictm ene eerie < 0.001 
= Re wt eee Se eS eee ere 0.01 
te Ma Pe eae eke aor ania coKto Skara, Eiken evacericir oni trace 
Sel, Wear tak eam eea ome SanddensiGyerpen eee eee < 0.001 
Galena ther see crite ee ere Espeland Mine, Vegardshei ... 0.001 
INICCOLILC. eevee Sear crniiotienc eer SUGIEWUS, SURE soo ae0 coe ew ae 0.01 
ZINC OLS Plas ae tena poe: Sauda Zinc Mine, Rogaland...| trace 


I may mention in particular that among the localities examined 
with negative results were 5 copper deposits in Telemark and Nore, 
the Bleka Mine, Bandak and Knaben (molybdenite), Skutterud, 
Trak in Bamble, Skytmyr in Froland (zinc blende), Flat Nickel Mine. 


c. Deposits in other parts of Norway, mainly of Caledonian age. 


Minerals from about 25 localities were examined. Tin was 
found in the following: 


' Traces of tin have been found also in other Oslo Region garnets (Gjellebekk 


and Kalkovnen, Grua). V. M. Goldschmidt, unpublished data from Gottingen. 
Verbal information. 
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% Sn 
a | eee ees 

Galleria tee acu ey vey soeiecset seen eae Skjoldevik near Haugesund... < 0.001 
So NS Dae Ges ee eee Kreekjaheia, Hardangervidda... trace 
2S Cents eee a Hestekictien sRGros eee eee 0.001 
FBNIVS \QIANGE S858 So eres Oeeh Bena StONVarisseRGrOS) yer. es | eee < 0.001 
Galena 5 GHEE PyAe CER Ar oe Biterjordens cian merrier: < 0.001 
Lead-zine ON Ce settee crare ais ete SVenmingdalenteee merce oursee 0.001 
Plumosite? ee dee iets Rstecakst Sabin stew aise Fonvikesiiclcelander siemens ie 0.01 
CAN CR DIE NAC Peers eke sickens ein | Bjorkasen Mine, Ofoten...... > 0.01 
@haleopyeite seme. <r sires ieictoene seers a eer > 0.01 

(Galeria Serta eres cain: ee (<)0.1 
SB SIIUChiiMites anes en 5 eee —— ages ar, > 0.01 
Zin CM DIeNG Cymer es a o.s Gute oe Murstrand*4, Ofoten=7......... 0 001 
Ne Ae Vig Hamretiel 2) es ee ve trace 


Among the deposits examined with negative results were Vigs- 
nes, Rostvangen, (in these only zinc blende examined) Lokken and 
Moffjellet. 


2. Other ore deposits. 


I have examined iron ores from Lyngrot, Klodeberg, Alve, 
Solberg, zinc blende from the iron deposits Langse, Merefjzer, Bra- 
stad and epidote from Torbjgrnsbu, all these in the Arendal district, 
further iron ores from Dobbe mine near Kragerg, from Seftestad, 
Redsand, Sgr-Varanger and from a number of smaller deposits, with- 
out finding tin in any of them. The same applies to chromite ore 
from Feragen, to tungsten ore from Mrsdalen and — it may be 
added here — to minerals from apatite deposits in Bamble and in 
the districts of Kragerg, Risor and Arendal. In sphene from Kra- 
ger@ (in chlorite) was found trace (<0.01%) of tin. 


1 Rich in Bi, octahedral parting. J. Schetelig, N.g.t. 4, 147, 1916—17. 

2 Specimen lately given to the Museum by Dr. C. W. Carstens, along with a 
specimen of berthierite from Ringvassgy. The latter did not show any trace 
of tin. 

3 The samples were kindly sent me by Mr. J. Ellingsen, Superintendent of the 
Bjorkasen Mines. The galena is rich in Bi and shows excellent octahedral 
parting. The “bismuthinite” is very rich in lead and might belong to the 
doubtful species galenobismuthite. More information about these minerals 
will be given elsewhere. 

4 Samples sent me for examination by Mr. Steinar Foslie of the Geological 
Survey. I am indebted to him for the permission to publish the results. 
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3. Pegmatite minerals. 
a. Oslo Region. 


The following minerals from the Langesund and Larvik districts 
have been found to contain tin: 


—— 


% Sn 


POKMOMAONS = sacconccsveoneusos StAVEMM) aie cymes e cusllens/e arose ete: 0.01 
PynoChlore vents ielasieicms here SA TVAIIG i erehcusy suetenen tenes sremenacio er mae 0.1 


No tin was found in zinc blende, molybdenite, zircon, orangite, 
lepidomelane, cryptoperthite. 


b. Granite pegmatites of the southern Pre-Cambrian area. 


Moss district. 


Bregeerite/ ne chacewecias cei verte Karlshusiite emcees ts emer 
Samlarskitewews ware. te cutd eters ces Bragperhulle tpn en rte SS | 
ta, aris han atin: eeetiols patie Aslaktaketijan Steerre-caease nc 0.1 
VEIN s soc sonocsabeopocn |) IRINA, IDM. 55 one sooc = || 
Se Snares ae eaten Gy GAu Mob eldod 6S oe 0.1 


Tin was not found in columbite (Annerod) and fergusonite (Berg). 


Krager@ district. 


Betafite 


Tin was not found in phenacite, hellandite, alvite, thorite. 
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Risor—Arendal. 
ee eee 

% Sn 

GlEV eile setter tek ee i Oe ON, NISC] etek tis tae. PER ee, 0.01 
reo Yerotes Feb aN C= ey arene, Ae ee Sa) cht. 5, Rend Ree in A Ae 0.1 

CEEFOEMA MIC I ae natn sty ae faeces | MAU chREy dF 2) eRe oe ea marpemen lee a tee Ve < 0.01 
BUI Grit eee ere aries een HN Ai etree ae pe Me eg ae OF 
Far ae ey RS Oe ee eee Gierrestad ame sue rer. aoe 0.1 


Tin was not found in risgrite (Gryting), allanite (Noddeland), 
orangite (Fogne), thorite, microcline and oligoclase (Arendal). 


Iveland—Evje. 
% Sn 

Galenare cee cane one awe os PADUSVEr Ka ner Oe orate re 0.001 
(Chirvsaberyl eye samen o nae sae INateland (2,samples)=.- 2.17: 0.1 
limenite (7 platejenta\a-.,. mee 2 ela ad eee eee ee ate ths <0.01 
WS ON CLILG catenn’ aate a tole store caste Sie OEM CIONUA tered cr uaeiie ete sii oe 0.01 
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1 For comparison was also examined the thortveitite from Befanamo, Madagascar. 
The spectrum indicates about 1% Sn, in very good agreement with the Ive- 
land thortveitites. Trace of tin has earlier been found in the Madagascar 
thortveitite, Ch. Boulanger et G. Urbain, C. R. Paris, No. 23, 1922, quoted 
by Schetelig, Vid. Akad. Skr. I, 1922, No. 1. p. 83. 

2 For situations and descriptions of localities in Iveland and Evje see H. Bjor- 
lykke, N.g. t. 14, 1935, 211 ff. Many of the specimens examined are taken 
from his research material. 

3 Topaz and spessartite from Landas are exceptionally rich in germanium. The 
topaz probably contains about 0.1 % Ge, and the spessartite somewhat less. 
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Tin was not found in bismuthinite (Iveland), molybdenite (Tveit), 
biotite (Ljosland), cleavelandite-quarz-beryl-alvite (Landas), beryl 
(Torvelona: trace of tin is present but also scandium, so that the 
tin is probably due to intermixture with thortveitite), thalenite (Ive- 
dal and Hogetveit), gadolinite (Frikstad), xenotime (Ertveit), mona- 
zite (Molland and Nateland), fergusonite (Hggetveit). 


Hidra (Hitterg). 


POlychaSe aneaen aire 0.1 
Blomstrandinc yee rn 0.1 


Tin was not found in molybdenite, gadolinite, malacon. 


c. Pegmatites of Northern Norway. 
Hundholmen, Tysfjord. 
Thalenite, gadolinite, yttrofluorite did not show any trace of tin. 


Seiland. 


Biotite and the vesuvianite mentioned above were examined, 
with negative results. 


4. Spectra of a few ordinary rock-forming minerals, e. g. rhomb 


porphyry felspar, biotite from micaschist, olivine from dunite, did 
not show any trace of tin. 


Conclusion. 


It will be seen that small quantities of tin are found in a con- 
siderable variety of Norwegian minerals which, however, largely 
belong to only two main types of deposits, namely sulphidic ores 
and pegmatites. The average concentration of tin in the upper litho- 
sphere is according to V. M. Goldschmidt! about 40 g per ton 
(0.004 %o), so that most of the figures given in this paper represent 


' Geochem. Verteilungsges. IX, Vid.-Akad. Skr. I. 1937, No. 4, p. 92. 
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relative enrichments. Compared with the concentrations in the sur- 
rounding rocks the enrichments are doubtless in general, and prob- 
ably without exception, very strong. This means a confirmation of 
the experience of the mining geologists that Norway is particularly 
poor in tin. 

The tin contents in sulphide minerals will be dealt with else- 
where. It may only be mentioned here that tin, when present in 
sulpidic ore deposits of types common in Norway, is found to enter 
almost exclusively into galena, zinc blende, and chalcopyrite! and not 
into pyrite and pyrrhotite. The distribution of tin between galena 
and zinc blende in one and the same deposit is highly variable with 
the type of deposit and is obviously a function of the conditions of 
formation. The contents are all very low but have been found both 
in Pre-Cambrian, Caledonian and Oslo Region deposits. The highest 
concentrations have been found in the Bjorkasen Mine, Ofoten. Tin 
has so far not been detected in any deposit belonging to the Tele- 
mark System, nor in pentlandite-pyrrhotite ore. 

As to the pegmatite minerals a comparison shows that the ear- 
lier data only partly agree with the spectrographic results. In some 
cases the contents of tin given in the old analyses could not be 
detected in the spectra (e. g. fergusonite, Berg and columbite, Anne- 
rod), and in numerous cases the spectra show tin which had not 
earlier been detected. This discrepancy is certainly due to the fact 
that the detection and determination of small quantities of tin in 
minerals of types here dealt with is very difficult by ordinary che- 
mical methods. Also, if X-ray spectral analysis is being used, tin 
belongs to the elements whose wavelengths are particularly unfavor- 
able. Tin is present in pegmatites all over the region between 
Flekkefjord and Moss, both in the Pre-Cambrian granite pegmatites 


1 The presence of tin in galena, zinc blende and chalcopyrite has been obser- 
ved earlier. For galena see K. Hoehne, Chemie d. Erde 9, 219, 1935—36. 
For zinc blende a number of references could be given. For chalcopyrite no 
data seem to have been published, but Professor Goldschmidt has told me 
that some chalcopyrites examined in his institute in Gottingen were found to 
contain tin. He also calls attention to the obvious explanation of the presence 
of tin in chalcopyrite and zinc blende, namely the structural relationship of 
these two minerals and stannite. In accordance herewith inclusions of stan- 
nite obviously formed by exsolution are sometimes found in zinc blendes and 
similarly inclusions of zinc blende and chalcopyrite in stannite. Schneider- 
héhn-Ramdohr, Lehrb. d. Erzmikroskopie, Bd. 2, pp. 107, 475. 1931. 
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and in the syenitic and nepheline-syenitic pegmatites of the Oslo 
Region. It appears (not counting the nordenskiéldine) to enter pre- 
ferably into the following minerals, arranged according to decreasing 
content of tin (down to about 0.1%):! 


Vitinotantalltcm mn ienen Moss district 
Samanskite setae == 
Thortveititeme somes Iveland 
lIntenontitilesge sn. eeenenere = 
Nittrotitanitemeeea wee: aan 

Microli teas cmeeeereten. oe == 

Samlanskite mew en mercer. =e 
(hrysoveryic. ema e — 
Iimenorutile mes aces Arendal district 


ROLY CTASC sre eenea ten re == 
Pyrochlore ae sce tr Oslo Region 


From ,these data the Wstfold and Iveland pegmatites seem to be 
richer in tin than other Norwegian pegmatites. On the other hand 
the highest concentrations in different localities are not always found 
in corresponding minerals, and a given mineral species may show 
widely varying tin contents in different localities within the same 
district, so that it is perhaps not justified to stress this conclusion 
on the ground of the above material. Tin seems to be generally 
absent from the following minerals, even if some of them occur in 
company with tin-bearing minerals: 


Molybdenite 
zircon-malacon-alvite-thorite-orangite 
thalenite-hellandite-(allanite) 


‘ In connection with this list I ‘quote some of the data given by I. and W. 
Noddack (I. c.). Samarskite, Moss: 0.005%; Thortveitite, Iveland: 0.0002%. 
Blomstrandine, Hidra: 0.004%. These figures are all very much lower than 
my results. We have to allow for the possibility that the content of tin may 
vary widely in different samples even from the same locality, but it is in 
any case extremely improbable that a sample of thortveitite from Iveland 
should be practically without tin. It will be seen (p. 321) that I have exami- 
ned thortveitites from 5 different localities in Iveland, and my result was in 
all cases 0.1% or more. The one with a somewhat lower content is from 
Evje, but even here the concentration was found to be higher than 0.01%. 
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gadolinite-beryl-phenacite 
(xenotime)-(monazite) 
fergusonite 
quarz-felspars-biotite. 


For those in brackets the observational data are rather scanty 
in view of the wide distribution of these minerals. 

Reasonable crystallochemical explanations of the presence of tin 
in many pegmatite minerals can be offered. If we assume that the 
ionic radius of tin (Sn*+:0.74 A) is sufficiently similar to those of 
titanium and scandium (Ti‘+ :0.64 A, Sc3+:0.83 A) for a partial re- 
placement, remembering also that the charge of the tin ion is not 
lower than those of the others', this will account for the tin found 
in titanium minerals’, many niobate-tantalates and in thortveitite. 
However, the matter is complicated and it is for instance difficult 
to see why yttrotantalite and samarskite, as it seems, contain much 
more tin than the euxenite minerals which are really rich in tita- 
nium. Here we obviously have to assume a replacement also of 
Nb>+ (0.69 A) and Ta’+ (~0.7 A) by Sn‘+; such a replacement is 
known from the isomorphous mixtures tapiolite-cassiterite. Among 
the things which are still more difficult to explain is the considerable 
content of tin found in chrysoberyl. It may be worth noting that 
the minerals with the highest Sn-contents include some of the very 
rarest species in our pegmatites. 

The apparent absence of tin in the Norwegian iron ore deposits 
is remarkable. 

Acknowledgement. 1 wish to thank Professor dr. V. M. Gold- 
schmidt for placing at my disposal the facilities of the Raw Material 
Laboratory and the mineral collections of the Mineralogisk-geologisk 
museum, and not least for many suggestions of great value. 


Oslo, Mineralogisk-geologisk museum, April 1939. 


1 The rule here applied has first been published py V. M. Goldschmidt and 
Cl. Peters, Nachr. Ges. Wiss. Gottingen, Math.-Phys. KI. 1931, p. 271. 

2 A titanite from Arandis, SW-Africa has been found to contain at least 10% 
Sn. P. Ramdohr, N. Jahrb. f. Min. &c, BB. 70, 15, 1936. 


Ms. rec. May 9, 1939. 
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SCOTTISH-NORWEGIAN CALEDONIAN 
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Abstract: The writer points to a number of mostly structural features that 
seem to favour a correlation of the Moinian of Scotland with the metamorphic 
(“Eocambrian”) Sparagmitian of Scandinavia, and possibly also of the Torridonian 
with the unmetamorphic pre-tillite Sparagmitian. The Scottish Portaskaig-Schiehallion 
boulder bed is correlated with the tillites of the Upper Sparagmitian, and the higher 
Dalradian with the (lower) Cambro-Silurian of the Scandinavian Caledonian zone. 


The joint work with Dr. E. B. Bailey in preparing a recently 
published contribution on the Caledonides of northwestern Europe 
(references, 2) has greatly stimulated the interest of the writer in 
Scottish-Scandinavian correlation problems. Recent investigations in 
a Norwegian district of very highly metamorphosed “sparagmite” 
made it evident to him that the rocks of the said district have much 
in common with the Scottish Moinian flagstones, and aroused a wish 
of personally seeing the Moinian as well as other rock complexes 
of the far north-west of Scotland.! 

In June 1938 he had the opportunity of visiting, under the 
guidance of Dr. Bailey, parts of the Isle of Skye with its great 
variety of Caledonian structures, and further, in the company of 
Dr. J. E. Richey, Dr. W. Q. Kennedy and Mr. R. C. B. Jones of the 
British Survey, and of Prof. C. E. Tilley of Cambridge, the Moine 
district around Mallaig. To these colleagues, and especially to Dr. Bailey, 
the writer wishes to express his most sincere thanks for the highly 
interesting days spent in these districts of fascinating Scottish geo- 
logy. Furthermore, he is particularly obliged to Dr. Richey for 


having read through the manuscript and proposed various editorial 


changes. 
8 e 


‘ On a previous occasion the writer visited the Ballachulish district (Brit. Assoc. 
excursion, led by Bailey, 1928). 
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A great many geologists have, in the course of time, commented 
upon points of likeness between Scotland and Scandinavia. I shall 
here mainly refer to the paper of G. Frédin of 1922 (5) which 
exclusively deals with such correlation problems. Judging from known 
Scandinavian conditions, Frédin could not subscribe to the view 
“that the Dalradian and Moinian regions, like their metamorphic 
transformation to crystalline schist, belong to a powerful pre-Torri- 
donian folding zone” as this “would mean that the Scandinavian 
Mountain schists are pre-Cambrian” (p. 234). Frédin states his view 
on the Moine and Dalradian in the following lines: “Besides Cale- 
donian intrusions and patches of Lewisian rocks, we will therefore 
have to expect in the north-west, in the Moinian, metamorphic deriv- 
atives, above all of the Torridonian and the Cambrian, possibly also 
of somewhat younger Paleozoic sediments. In the Dalradian in the 
south-east, on the other hand, we have to anticipate especially those 
of Ordovician and Gothlandian age, besides possibly Cambrian and 
Torridonian ones” (p. 233—234). Concerning the metamorphism of 
the Moinian and the Dalradian, he points to the likeness to that of 
the “Seve” and “KO6li” groups respectively of Central Scandinavia. 
As regards the Torridonian, Frédin states that this series and the 
central Scandinavian sandstone of Dalecarlia’ are in the main equi- 
valent both from a geological and petrological point of view. 

Th. Vogt who knew parts of the Scottish Highlands from personal 
studies (and has made a valuable contribution to the understanding 
of the stratigraphy of the Dalradian by pointing out the up- and 
-down direction in crossbedded sandstones) in a lecture to the Nor- 
wegian Geological Society in 1935 (23), indicated the general likeness 
of the metamorphic rocks of the Loch Leven district (with mica 
schist, limestone, quartzite) to those of Nordland of Norway which 
are believed to be of Cambro-Ordovician age. The present writer 
(2, p. 70) has found this correlation a very plausible one and further 
(p. 71) has pointed out the evident likeness between the highly 
metamorphic Sparagmite sandstones of parts of Norway and the 
quartz-felspar-mica flaggy Moine rock. 

As to British geologists, opinions on the age both of the Dal- 
radian and Moinian have differed and still differ widely. Recent 
discussions of the problems are given in (19) and (17). The writer 


1 The “Dala sandstone” of Jotnian age. 


328 OLAF HOLTEDAHL 


in 
S Conglomerate & eam, 
ae Stopnoways 29@ unc 


l thee Ordov. 


an (autochthonous) 


Thrust mass of. 
Tarskavaig Moine: 
moderately metam. 
sandstone phyllite etc. 


> Sn 


Mca schist & 46, 


3 limestone © 4 (S 
%S 


3, 3 
2 


Ful 6d 
4a 


= Zr 
ye ra TAY GY 
b' ° s 
— Dolomite or 
fn? ye want limestone 
\\ fe \ sandstone & 
Alyn dtntuttitll EA \\ F 
Ry [>So yy 
Fold in sub- 


cambrian 
peneplane, 


division * 


Archean | ———______ OZ Pps i sor) is 
“of Foreland dite ~ 9 O89 Largely © sdst. 
division resting .< Auf Uist (Srisinrs 
on uneven surface 

of Archean rocks 


Fig. 1. Maps showing symmetry of Caledonian features of Scotland 
and Finnmark (drawn to the same scale). 
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would like to draw attention especially 


to the view held by Peach, and illu- 48 | # Yi 
strated in a diagram of the Caledonian ae 8 NAS 
zone of Scotland (16, fig. 27), that - oH 
the Moinian represents metamorphosed Eh 4 E 
Torridonian, and the Dalradian meta- = = 
morphosed Cambrian (= Cambro-Ordo- E Rs 
vician), because the general idea of the : 7 
diagram in major points harmonizes Ese 
well with the conception of the Cale- 5 

=e 


donian structures of parts of Scandi- 
navia as it was first put forward by 
Tornebohm (22). Bailey, in the joint 
work mentioned above (2, p. 30) has 
suggested that the Dalradian and the 
Sparagmite series of Norway are in 
part stratigraphical equivalents. 

In fig. 1 the writer has placed the 
greater part of Scotland and of 
Finnmark (in the extreme north of 
Norway) symmetrically one above the 
other and has indicated a number of 
main geological features. The corre- 


ee 


Torridonian 


5000 feet 


below section trom the Porsanger district of Finnmark. 


spondance shown seems, to the writer, a= 
surprisingly great. This is largely due *\3 
to the fact that when thinking of 18 
N. W. Highland structures, the writer, fis 
like probably most geologists, has prin- E> Va 


cipally in mind the sections of the 
more northern part of the ground dealt 
with in the famous N. W. Highland ‘ 
Memoir (15), with its narrow zone of 
deformation, west of the Moine thrust. 


Porsanger sandstone (folded) 


Ordovician 


Skm 
Fig. 2. Above section from the south-eastern part of Skye (simplified from fig. 61 of the N. W. Highland Memoir), 


In fig. 2 two particular sections are 2) Sara 
chosen, which accentuate the fact that ae 3 dS 
we have locally both in Scotland and i ie i ; : 
in Finnmark a peripheral belt of thrust ns 3 WW 
unmetamorphic psammitic sediments in z iff 5 hey 
front ofthe thrust metamorphiccomplex, 2 &/ Bo. 
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ae 
in which we find psammitic rocks largely in the form of flaggy, 
commonly more or less gneissose schists. 

The age of the unmetamorphic thrust rocks in Finnmark seems to 
be clear: the Porsanger sandstone’ with arenaceous shales and dolomite 
on top, corresponds to the (relatively autochthonous) “older sandstone 
division” of the Tanafjord to the east, which with a slight, yet distinct an- 
gular unconformity is overlain by the younger, tillite bearing division. 
The latter passes upwards into fossiliferous (middle) Cambrian sandstone. 

As to the age of the metamorphic psammitic and phyllitic rocks 
N.W. of the inner thrust, there can be no doubt that at any rate the 
greater part of the complex is of the same general age as the Spa- 
ragmitian rocks to the south and east. As a matter of fact the inner 
thrust seems to die out, or a any rate becomes less obvious, north- 
eastwards in the peninsula east of the Tanafjord. The sediments are 
here rather moderately metamorphosed and a marked thrust plane, 
like that seen further to the south-west, was not observed on the 
north coast. The folded sediments of the Nordkyn Peninsula are 
mainly quartzites and phyllites which may very naturally be regarded 
as metamorphic equivalents of the lower sandstone division as devel- 
oped in the Tanafjord district (cp. 6, p. 159). The occurrence of a 
conglomerate of tillite-type (with fragments of carbonate rocks and 
quartzite) in a metamorphic, tectonically highly disturbed rock com- 
plex at Duksfjord, east of the North Cape, is another point of 
interest, helping us to determine the age of the metamorphic sedi- 
mentary rocks of the north-western part of Finnmark. 

The metamorphic thrust complex, north of the inner thrust, 
changes its petrological character as we pass westwards, a rather 
monotonous series of felspathic siliceous flagstone and not quartz- 
ites making up the greater part of. the complex in the Alta district. 
Whether we are here just dealing with different facies or with beds 
of somewhat different age is not yet known. 


‘ During the early reconnaissance work of the writer in Finnmark 1914—17, 
the existence of a thrust plane below the Porsanger sandstone was not 
noticed, and the said sandstone (and consequently also the more eastern sand- 
stone formations) therefore were regarded as younger than the Hyolithus 
zone (9, 11, fig. 4). Later investigations by the writer in the Sparagmite district 
of Southern Norway made it, however, evident that the Finnmark Series and 
the Sparagmite Series had so many points in common that a different age 
would seem to be improbable. In 1929 the district south of the Porsanger- 
fjord was studied more closely, and the thrust found (12) 
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As to the far north- Highly metam. spanagmites (with intenfolded Trondheim schists), 
west of Finnmark, the oc- 
currence of mica schist Nee eres 
and limestone (in Sgrey) a 
may indicate that we are 
here in the “Nordland” 
series of presumably Cam- 
bro-Ordovician age. 

In Southern Norway 
the relation between (rela- 
tively) autochthonous and 
thrust parts of the Sparag- 
mite formation is more com- 
plicated, and only for certain 
areas do we know the condi- 
tions fairly well. In the 
eastern part of the area of 
the map (fig. 3) we notice 
a widely distributed thrust 
mass of moderately meta- Fig. 3. Eastern part of central 
morphosed sparagmite (with Southern Norway. 
thin dolomitic layers) lying 
(with gentle dips) above unmetamorphic red sparagmite of great 
thickness, locally with also low Cambro-Silurian beds preserved below 
the thrust plane. This “Kvitvola” thrust plane seems to pass above 
the imbricate structures (with thrust Archean and Sparagmitian) which 
is typical of parts of the Femund district (cp. recent maps and papers 
by G. Holmsen, 7, 8), conditions strongly reminiscent of certain parts 
of the N.W. Highlands of Scotland. 

The metamorphic Sparagmitian rocks towards the north-west 
pass below the darker, more pelitic schists of the Trondheim syncline, 
rocks of varying metamorphism, from chloritic and phyllitic to 
gneissose. Primarily the sedimentary rocks were mainly shales, often 
arenaceous or calcareous. Psammitic, conglomeratic and massive 
limestone beds are of importance especially in the northern part of 
the area. Further, volcanic Lower Ordovician rocks are typical, with 
pillow structures preserved locally. As to the age of the sediments 
of the Trondheim syncline, finds of fossils from various horizons of 
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the Ordovician and, in a far north-eastern locality, also from the 
Lower Silurian, give us a general idea of it. 

On the north-western side of the south-western part of the 
Trondheim syncline very highly metamorphic, no doubt Sparagmitian, 
psammitic rocks crop out, recumbently interfolded with hornblende 
and mica schists of the Trondheim series (13 and observations made 
1938). They lie above a “basal gneiss series” which also contains 
fairly massive fine-grained granites etc. 

We may now summarize a few main points. In both Scotland 
and Scandinavia we meet in the peripheral areas of Caledonian de- 
formation a thick series of unmetamorphic sediments, mainly sand- 
stones older than the fossiliferous Lower Cambrian. More centrally 
psammitic, more or less metamorphic rocks occur, and still further 
away from the Caledonian front metamorphic sediments with more 
of pelitic sediment. The latter in S. Norway are certainly younger 
than the metamorphic psammitic series, and also in Scotland such 
an age relation is fairly commonly assumed. That the Dalradian of 
Scotland, at any rate to a large extent, corresponds to metamorphic 
Cambro-Silurian sediments of Scandinavia has previously been held 
by several Scandinavian geologists. Judging from the structural simil- 
arities indicated above, the present writer thinks that there are 
strong reasons for going further in the comparison and for correl- 
ating the Moinian and the Torridonian respectively with the meta- 
morphic and unmetamorphic Sparagmitian, or parts of it. 

As stated by Bailey (2, p. 33) the Torridonian is very generally 
correlated with the Jotnian of Fennoscandia, though the petrological 
likeness of the arkoses of the Torridonian and the Sparagmite 
formation has also been emphasized by writers (cp. e. g. 16, p. 72). 
Recently v. Eckermann (4), on the basis of personal studies in both 
districts, has emphasized the close lithological agreement between the 
Torridonian sediments and the late Jotnian sediments of Dalecarlia; 
he has, however, also pointed to some marked differences (Jotnian 
igneous rocks missing in the Torridonian etc.). The present writer 
(2, p. 73) has remarked on the corresponding position of the Torri- 
donian and Jotnian sediments in the foreland in front of the big 
thrusts. A main structural feature of likeness is the existence of a 
distinct angular unconformably between these formations and the 
Cambrian (or in Fennoscandia the sub-Cambrian peneplane). As to 
the Sparagmitian of Southern Norway, no angular unconformity is 
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known in or above the series, and the sediments in question are 
evidently developed only in the district of strong deformation and 
do not occur outside it. 

The more intimate study of Scottish literature and especially 
the personal visit to Skye, where not only the Torridonian sedi- 
ments are very highly influenced by Caledonian crust movements, 
but where the thrust mass of only moderately metamorphic “Tar- 
skavaig Moine” exists between typical Torridon and typical Moine, ac- 
centuated for the writer the likeness to conditions in the Sparag- 
mite district of Southern Norway, where sparagmites occur in all 
Stages of metamorphism. The detailed comparison between Scot- 
land and Finnmark has, furthermore, shown so much correspondance 
that the age correlation Torridonian—Sparagmitian may seem to be 
possible. A typical feature of the Finnmark Sparagmitian is the existence 
of a distinct angular unconformity between the younger, tillite-bearing 
sandstone division and the older sandstone series (cp. e. g. 9, the 
lower section, pl. XX, to the right). Also in Southern Norway the 
time directly preceding the deposition of the tillite must have been 
one of unrest (with vertical movements) as emphasized by the writer 
already in 1920. This pre-tillite period of unrest corresponds to 
Koch’s “Scandic phase” in Greenland (14, p. 122). During this phase 
denudation of older Sparagmitian (the “Greenlandian”) sediments 
took place. 

A possible conclusion, then, seems to be that the Torridonian 
corresponds to the pre-tillite Sparagmitian (older division of Finn- 
mark) and that the tillite sediments and beds lying immediately above 
them in Norway, are missing in the Scottish area, west of the Moine 
thrust. We must here emphasize that in the Tana district of Finn- 
mark we do not yet know where to place the base of the Cambrian 
(corresponding to the Scottish basal Cambrian quartzite). 

Such an inter-Sparagmitian “Scandic” period of crust move- 
ments, probably with block-faulting, and with tilting in N. W. Scottish 
and N. Norwegian districts, would then be responsible for the local 
pre-Cambrian denudation of the Torridonian in the N.W. Scottish 
Foreland. 

In this connection we may consider the conditions in the eastern 
part of the map area of fig. 3. In the far S. E. the pre-tillite Sparag- 
mitian is missing below the Kvitvola nappe (10), farther north-west 
it is developed in great thickness, while in a zone still farther to 


ee 
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the north-west it is again missing. The Cambro-Silurian, with under- 
lying tillite, must in these districts have been deposited on a floor 
of widely varied character. 

The writer has held, and recently has been supported by Foyn 
in his view, that after the deposition of the older sandstone division 
a fault-line was developed along the present south coast of the Varanger- 
fjord (to the extreme S.E. in fig. 1), with denudation of the sediments 
to the south in pre-tillite and tillite time. Sandstone and shale, with 
the upper of the two tillite zones at some height from the base, lie 
west of the upper end of the fjord directly on the Archean base- 
ment. The writer is also inclined to believe that a somewhat similar 
pre-tillite fault was developed in the eastern part of the map (fig. 3), 
between the area of the thick red sparagmites and the eastern district, 
where no representatives of the older sediments exist. In one locality 
here tillite seems to rest directly on the Archzean. I point to these 
conditions because they might possibly be considered in the discussion 
of the remarkable features along the inner side of the Outer He- 
brides of Scotland, with a marked shear zone and a conglomerate 
(generally regarded as Torridonian) with local boulders, including 
sheared gneiss, occurring at Stornoway.! 

The Tarskavaig Moine would, naturally be compared with the 
moderately metamorphic Sparagmitian masses, like for example those 
of the Kvitvola thrust mass in the eastern part of fig. 3. 

Discussing the age of the Moinian J. Phemister (17, p. 34) 
summarizes a number of objections which have been raised against 
a parallelization between Torridonian and Moinian, viz. (I) the lack 
of proof that the metamorphism is of Caledonian age, (II) the in- 
frequency of conglomerates and the absence of breccias in the Moine 
Series; (III) the contrast between the N. to S. variation in lithology 
and thickness of the Torridonian and the lithological constancy of 
the Moine assemblage in this direction; and (IV) the absence of in- 
trusive sheets in the Torridonian. Objections similar to the three 
latter ones might have been raised also against the correlation of the 


' If this conglomerate should turn out to be a relatively young deposit (it has 


been regarded as Triassic by Stevens) its tectonical position would be much 
like that of the Tertiary conglomerate of Prince Charles Foreland, Spitsbergen 
(cp. the writer’s paper “Some Points of Structural Resemblance between Spits- 
bergen and Great Britain etc.”, Det Norske Videnskaps-Akademi i Oslo, 
Avhandlinger, 1925, No. 4, Fig. 2) 
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unmetamorphic and metamorphic Sparagmitian of Norway. The un- 
metamorphic Sparagmitian in the more southern part of the map 
area of fig. 3 is to a large extent of a very coarse arkose character, 
with several horizons of coarse conglomerate (besides conglomerate 
of basal type). Considering now the northern parts of the map area, 
we generally find a monotonous sequence of more or less meta- 
morphic, non-conglomeratic sparagmites interbedded with pelitic schists, 
covering very large districts. As to igneous plutonic intrusions, they 
occur in the thrust metamorphic complex of the north-western parts 
of Finnmark, while they are totally missing in the unmetamorphic 
sedimentary series to the south-east. 

We shall not here go much into the question of the lithological 
resemblance of the Torridonian and the pre-tillite Sparagmitian of 
Scandinavia. The fact that in the latter region carbonate rocks (in the 
south mainly limestone, in Finnmark mainly dolomite) are charac- 
teristic constituents of the sequence, cannot be said to be an objection 
of importance since, firstly, limestone occurs also in the Torridonian 
(especially in Colonsay), secondly, the carbonate rocks become very 
scarce towards the N. W.in the Sparagmitian of Scandinavia. As to 
the character of the bedding, current bedding is very characteristic 
of parts of the Torridonian and is locally developed and preserved 
also in the Moinian (as for example at Mallaig). The typical unmeta- 
morphic sparagmites of Southern Norway are commonly very massive, 
with no distinct bedding in the banks, or else have parallel bedding. 
In eastern Finnmark, however, we have good examples of current 
bedding in the older sandstone division. Reusch has published an 
illustration of red “false-bedded” sandstone at the Varanger fjord 
(20, fig. p. 39) and the writer has reported on current bedded sand- 
stone in Lokvikfjell on the north coast of the Varanger Peninsula 
not far from the Tanafjord. It might be added that the grey and 
red sandstones of the Varanger Peninsula commonly are very fel- 
spathic. 

The Jotnian sandstone (Dala sandstone), occurring in the eastern 
part of the map (fig. 3), must without any doubt be older than the 
sparagmites and has been separated from the latter by a period 
of marked crust movements. The Jotnian sandstones in Fennoscandia 
generally lie fairly horizontal, but to the extreme west, near the 
western border of the Trysil—Dala area of the map, marked folding 
occurs, with locally even vertical dip. This deformation is older than 
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the sub-Cambrian peneplane of denudation (which has continued west- 
wards in the stratigraphical plane between the Cambrian and the Sparag- 
mitian) as the said peneplane truncates the folded Jotnian. The coarse 
arkoses of the (relatively) autochthonous Sparagmitian west of the 
area of Jotnian sandstone are also very different from the rocks of 
the latter series, and finally igneous intrusions are common in the 
Jotnian sediments, but are totally missing in the adjacent Sparagmitian. 

Turning now once more to the Dalradian, the Schiehallion 
boulder bed zone, in Islay represented by the Portaskaig conglo- 
merate, is a horizon of particular interest. The Portaskaig conglomerate 
overlies, according to Bailey (1), the Blair Atholl Series, with the Islay 
limestone as a characteristic member. This limestone is oolitic in 
certain layers, and in the upper part dolomitic. There also occur 
dolomitic bands with conglomeratic character, possibly to be regarded 
as intraformational conglomerates. In Islay the dolomitic topmost 
bed of the Islay limestone is overlain by a few feet of dark shale 
or slate and these by the Portaskaig conglomerate, which in its lower 
portion shows some bedding and is split up by bands of quartzite 
and dolomite, and in its upper part is unbedded, and glacial-like. 
The most conspicuous fragments in the deposit are nordmarkite of 
unknown source, and pieces of dolomite. Locally dolomite boulders 
are dominant. Dolomite conglomerates, or breccias, of intraformational 
type, are described also from the Portaskaig conglomerate series. 
Again one recognizes main points in common with Finnmark (and 
other northern tillite-localities): on the east side of the Tanafjord we 
find as the uppermost part of the “lower sandstone division” beds 
of shale and dolomite, with bands of grey dolomite conglomerate or 
breccia of intraformational type. As to the tillites of the Tana—Varanger 
district, dolomites is commonly the dominant rock in the fragments, 
especially in the lower tillite-zone. Dolomite layers and intraform- 
ational dolomite breccias are known also from the tillite-bearing series 
(9, fig. 24, p. 169). Oolitic carbonate rocks occur in eastern Finn- 
mark both in the lower sandstone division (9, pl. XVI) and in boulders 
in the tillite rocks (12, fig. 16). 

Above the Portaskaig-Schiehallion boulder bed follow in the 
“IItay Nappe” (2, p. 37), the thick Perthshire quartzite series, and 
the Ben Eagach black schists, Ben Lawers calc-schists, Ben Lui 
schists, Loch Tay limestone, Pitlochry schists, Green beeds, Ben 
Ledi grit and schists, Aberfoyle slate and Leny grit. In a comparison 
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with Scandinavian stratigraphy a correlation of the Ben Eagach 
black schists with the Middle Cambrian-basal Ordovician dark pelitic 
schists, the Loch Tay limestone with the Snaasen limestone (cp. 
Vogt’s table, p. 232), the Green beds with the volcanic Lower Ordo- 
vician horizon, might be tentatively proposed. Peach’s view of the 
Islay (Perthshire) quartzite as Cambrian would fit well into such a 
Stratigraphical system. 

The stratigraphical relation between the series of the “lIltay 
Nappe” and that of the“ Ballappel Foundation” with its quartzites, 
Slates, limestones, is as yet not exactly known. What seems to be a 
fact is that the sediments of the latter, with the Eilde Quartzite as 
its oldest member, come on top of the Moine series. 

To sum up, the following correlations would seem to be probable. 


Scotland. Norway. 
Main part of the “Iltay Nappe” Cambro-Silurian of the Trond- 
succession. heim and Nordland districts. 
Schiehallion boulder bed. Tillite of upper Sparagmitian. 
Torridonian (?) and Moinian. Unmetamorphic and metamorphic 


pre-tillite Sparagmitian. 


The existence of rocks so highly metamorphic as the Moine 
schists above unmetamorphic (Torridonian and Cambro-Ordovician) 
sediments indicate transport of the schists for a very long distance . 
in Scotland (if we assume the metamorphism to be of Caledonian 
age). In Southern Norway sparagmitic rocks with a similar high 
degree of metamorphism are not generally met with till we reach 
north of the Trondheim syncline. We may refer to Read’s de- 
scription of Moine Granulites from the Strath Oykell and Lower 
Loch Shin districts (18, p. 132) and to Barth’s of metamorphic 
sparagmite from the Opdal district of Norway (3, p. 56; cp. especi- 
ally Read’s fig. 3, C. and Barth’s fig. 1, 3). 

With the assumption of a very long travel of the thrust masses 
the fact that there does not occur in the metamorphic areas of Scot- 
land any stratigraphical unit of the character of the Durness limestone 
(dolomite) series, finds a natural explanation. The said extreme 
development of carbonate rock belongs to a distinctly western facies, 
which is also represented in East Greenland and Bear Island, 
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while in more easterly facies, as 
seen in the north-western parts 
of Norway, the lower Ordovician 
seems to become gradually a horizon 
of largely pelitic character. 

To a facies much like that of 
the central Trondheim district the 
“Highland Border rocks” of Scot- 
land would probably correspond. 
As to the zone S.E. of the Dal- 
radian, the conditions of Western 
Ireland (cp. Bailey, 2, p. 46) seem 
to be of particular interest. There 
is here a very great thickness of 

Arenig rocks (black shales, cherts, 
Pi kaye th alata pasts grits, conglomerates, pillow lavas etc.) 
donian zone. A Ain Scandinavia: anti- : 
clines or domes with Archzean exposed. and a still greater development of 
Sp: Sparagmite district of fig. 3- younger Ordovician, Ashgillian, sedi- 
ments, mainly sandstone (arkose). 
Such a succession reminds one considerably of the sequence By- 
mark—Hovin Group near Trondheim. Immediately to the south-east, 
in Ireland, Silurian beds directly overlie the Connemara schists which 
are probably pre-Cambrian. In the Olden district of N.W. Jamtland 
(Sweden) a pre-Cambrian granite seems to have been exposed in 
Upper Ordovician times (21). This Olden granite occurs in an area 
which lies in line with a series of anticlines or domes where Archean 
rocks crop out in windows, flanking the central South-Scandinavian 
syncline to the south-east (fig. 4) and reminiscent of the conditions 
along the Midland Valley zone of Scotland and Ireland, which is 
also bordered towards the south-east by areas of relatively old rocks. 
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NOTISER 


VANADIUM IN DEM APATITVORKOMMEN 
VON @DEGARDEN IN BAMBLE 


Wihrend einer spektrographischen Durchmusterung verschiedener 
Glimmermineralien fielen in einem Spektrum des bekannten braunen 
Phlogopits von Gdegarden die Vanadiumlinien, insbesondere die eng be- 
nachbarten 3185.40, 3183.98 und 3183.41 A, durch auferordentlich hohe | 
Intensitaten auf. Dasselbe Verhalten zeigten 3 weitere Aufnahmen von 
verschiedenen Proben dieses Phlogopits. Eine dieser Proben war einer 
groBen gemahlenen Menge (iiber eine Tonne) entnommen. Ein unge- 
wohnlich hoher Vanadiumgehalt ist somit offenbar eine konstante Eigen- 
schaft des Phlogopits von @degarden. Ich vermutete, daB der Gehalt 
sogar fiir eine technische Gewinnung des Vanadiums ausreichen wiirde. 
Eine chemische Bestimmung des Gehalts, auf meine Veranlassung von 
Herrn Olaf Reer in Oslo Materialproveanstalt ausgefiihrt, ergab jedoch 
»nur« 0.308% V. Das ist trotzdem ein sehr bemerkenswerter Gehalt, 
insbesondere wenn man bedenkt, daf§ der Phlogopit bei O@degarden in 
sehr groBen Mengen vorkommt. Auch andere verbreitete Mineralien des 
selben Vorkommens zeigen ungewohnliche Vanadiumgehalte, wie aus der 
folgenden Zusammenstellung von Intensitéten der obigen Vanadiumlinien 
ersichtlich. 


Phiogopit' (4 Spektren) =. ween et ee sehr stark 
Enstatit=trischwaeey, eerie ae eee eee sehr stark 
Enstatit, in Speckstein umgewandelt...... stark 
Rutil, in Apatit eingewachsen........... stark 
Apatit, gelbweif, anscheinend rein....... schwach! 
Hornblendegestein an der unmittelbaren 

Grenze eines Apatitgangés*_....... sehr stark 
Skapolith-Hornblende-Gestein, typisch.... stark 
Hornblende aus demselben............. stark 
Skapolith aus demselben ........-...s6 schwach! 
Hy perit: ox ar ocreiy cutee ee schwach 
Magnetit aus. dem Hyperitue. «4 420) oe mittelstark 


' Es ist méglich, daf& die V-linien in den Apatit- und Skapolith-Spektren von 
kleinen Beimischungen von Glimmer, Hornblende oder dergl. herriihren. 

* Dieses ganz dunkle Gestein kann als ein sehr Hornblende-reiches Skapolith- 
Hornblende-Gestein bezeichnet werden. 
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Es darf angenommen werden, dafi die Bezeichnung »schwach« Gehalte 
von der Grofenordnung 0.01 ‘lo V entspricht. Ein solcher Gehalt (0.015% V) 
wird jetzt als Durchschnitt fiir die Eruptivgesteine angenommen!. Der 
Hyperit, der als Muttergestein des Apatitvorkommens angesehen wird, ist 
also keineswegs besonders reich an Vanadium. In dem Apatitvorkommen 
selbst aber, sowie in der von demselben beeinfluften Grenzzone, ist 
Vanadium sehr stark angereichert, und zwar ist offenbar das vorhandene 
Vanadium iiberwiegend in Glimmer, Enstatit und Hornblende enthalten. 
Eine genaue Erklarung des Eintretens von Vanadium in diese Mineralien 
kann zur Zeit nicht gegeben werden. Doch sind in diesem Zusammenhang 
zu erwahnen der Vanadiumglimmer Roscoelith, der zwar zu den Muskowiten 
zu rechnen ist, der sogenannte Vanadiumbronzit? und Vanadium-reiche 
Glieder der Diopsidreihe (Lawrowit)? und der Aegirinreihe2. Der Grund fiir 
die Vanadiumanreicherung bei Odegarden ist auch nicht naéher anzugeben. 
Jedenfalls ist eine solche Anreicherung keine gemeinsame Eigenschaft 
der siidnorwegischen Apatitvorkommen, wie aus den folgenden Daten 
ersichtlich. Ich untersuchte spektrograpisch: 


Lykkens grube, Kragera.. Hornblende, Apatit 
Regardsheia bei Riser.... Biotit, Skapolith-Hornblende-Gestein 
lovatieme COlAndint. 1, ar Hornblende, Titanit. 


Vanadiumlinien waren in allen Spektren sichtbar, zeigten jedoch nur 
schwache bis mittelstarke Intensitaten. Die Anreicherung bei Odegarden 
scheint sogar ganz lokal und streng an die typischen im Skapolith-Horn- 
blende-Gestein auftretenden Gange gekniipft zu sein, denn schon die um 
einen knappen Kilometer entfernten Kjerulfinvorkommen bei Havredal 
zeigen nur ganz kleine Vanadiumgehalte. Ich untersuchte von diesen 
Vorkommen Kjerulfin, Rutil, Pseudobrookit und einen Phlogopit-ahnlichen 
Glimmer, der in kleiner Menge im Kjerulfin vorkommt. Keines dieser 
Mineralien zeigte mehr als schwache Vanadiumlinien. 

Material und Hilfsmittel des Rohstofflaboratoriums und des Minera- 
logisch-geologischen’ Museums standen mir durch Wohlwollen des Herrn 
Professor Dr. V. M. Goldschmidt fiir diese Untersuchung zur freien Verfiigung. 


Oslo, Mineralogisk-geologisk museum 
im November 1939. Ivar Oftedal. 


BERYLLIUM IN RADIOACTIVE MINERALS 


It has been found by optical spectral analysis carried out in the 
Raw Material Laboratory on samples belonging to the Mineralogisk-geo- 
logisk Museum that some Norwegian radioactive minerals contain small 
quantities of beryllium. In particular beryllium was found in all the exa- 
mined samples of thorite and orangite (Langesundsfjord, — Tangen near 


1 V, M. Goldschmidt, Geochem. Verteilungsges. IX, Vid.-Akad. Skr. Oslo, 1, 1937, 


ING: Aye 09. 
2S. z. B. Doelter’s Handb. d. Min.-Ch. II, 1, 563 und II, 2, 337. 
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Kragero, — Fogne in Gjerrestad, — Arendal, — Sviner near Lindesnes), 
in breggerite (Rade) and cleveite (Ausel near Tvedestrand), and also in 
some uranium-rich niobate-tantalates. The content is variable, but it 1s 
scarcely as high as 0.01 %o Be in any of the minerals mentioned. 

Professor Dr. O. Hahn, of Berlin, who heard about these results through 
Professor Dr. V. M. Goldschmidt, has drawn our attention to the fact that 
these minerals may be expected to make a natural source of neutrons 
according to the nuclear reaction 


9 4 12 1 
,Be + ,He = a + 5 lt 


which has been found to take place by artificial bombardment of Be by 
a-particles. Also production of neutrons by the action of y-rays on Be 
has to be considered. Because of the small percentages of Be in the 
minerals the output of neutrons must, however, be extremely small. A 
gadolinite containing appreciable amounts of thorium or uranium would 
be much more efficient, but unfortunately only very low contents of these 
elements have so far been found in gadolinites. 


Oslo, Mineralogisk-geologisk museum, 
May, 1939. Ivar Oftedal. 


MILESTEINER AV SILURKALK 


Pa en ekskursjon hesten 1935 ledet av professor Holtedahl ble det 
funnet en blokk av mork noe skifrig kalk ved veien ved garden Dalen 
pa Leirskogen, Ser-Aurdal i Valdres. Bergarten var helt upresset og 
inneholdt vakre fossiler, bl. a. Spirifer elevatus og Rhynchonella. Det matte 
saledes vere en kalkblokk fra silur, etasje 9, i Oslofeltet. For det forste 
er det ikke funnet siluriske lag i denne trakten, hvor lagrekken bare 
gar opp til omkring orthocerkalken, og selvy om det alikevel skulle finnes 
silurlag, kunne de ikke vere sa upressete. Sporsmalet var hvordan denne 
blokken kunne vere kommet opp til Leirskogen. 

Under kartleggingsarbeid i Sor-Aurdal siste sommer traff forfatteren 
gardbruker Trond Islandsmoen og lerer Torbjorn Garthus, som hver for 
seg kunne fortelle at kalken fra Leirskogen stammet fra en gammel mile- 
stein. Larer Garthus hadde ogsa sett milesteinen i god behold med 
Kristian 5’s navn pa. Den mA da seinere vere blitt veltet og slatt sund. 

En annen milestein av samme slags kalk finnes enna i urort stand 
ved Leira i Valdres ved veien til landbruksskolen ovenfor jernbanesta- 
sjonen. Den er som det sees av fotografiet en vakkert uthuggen stein, 
malene er 195 >< 64 >< 15 cm. Qverst har den en krone, kongemono- 
grammet under er forvitret, men en C er enna synlig, nederst star EN 
MIL. Bergarten er en tettknollet mork kalk med Rhynchonella. 

Det ma antakelig vere av de samme milesteiner som Yngvar Nielsen 
nevner i en avhandling om det norske veivesen for 1814: ,hvorimod 
der allerede under Kristian V foregik en fuldsteendig opmaling af vejene 
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i det sondenfjeldske efter mile pa 
17,600 danske alen, hvorved der 
opsattes de store og smukke mile- 
Stolper af huggen sten med kongens 
og statholderens navnesiffer, hvoraf 
ennu hist og her enkelte kunne sees, 
f. ex. en i Jukamklevene og, savidt 
erindres, en leengere oppe i Valdres pa 
vejen mellem Skogstad og Nystuen.“! 

At det ogsa har vert mile- 
steiner av samme silurkalk i Gud- 
brandsdalen viser et funn som 
Th. Kjerulf gjorde i Favang: ,Beim 
Hauslerplatze Trostakerbraten fand 
ich lose Kalksteine, dem Fodvanger- 
kalke nicht unahnlich, voll von Ver- 
steinerungen: Orthis lunata, Rhyn- 
chonella nucula, Trocholites u. m.— 
Ich bin auch spater unterrichtet 
worden, daf} jene Steine von einem 
alten Meilenzeiger von der Zeit 
Christian VII herriihren; wo dieser 
Meilenzeiger gehauen wurde, wuBte 
man indessen nicht anzugeben.“? 
Kjerulf nevner videre at bade han 
sely og i sin tid Esmark hadde 
hert tale om fossilforende kalk ogsa lengre nord i Gudbrandsdalen. 

Pa den tid han skrevy dette mente Kjerulf at sparagmittlagene i 
Gudbrandsdalen tilhorte silur og devon, og han har derfor trodd at mile- 
steinen var hugget pa stedet. Fossilene viser at kalken er fra etasje 9 
og det er ingen grunn til a tro annet enn at ogsa denne milesteinen 
stammet fra Oslofeltet. 

Ved stranda pa vestsida av Lagen ved garden Nordlien i Faberg, 
omkring 5 km ovenfor Vingnes, er det ogsa funnet fossilfgrende silurisk 
kalk. Dette funnet er omtalt av P. A. Oyen’, fossilene (bl. a. Spirifer) 
ble bestemt av professor Kizer som herende til i etasje 9, det billede 
som @Wyen har tatt med i sin beskrivelse viser meget vakre fossiler uten 
merker etter pressing. Det er derfor ingen grunn til a tro at kalken er 
av en flyttblokk, og det er ogsa meget lite rimelig at den kunne vere 
kommet fra Oslofeltet ved isdrift. (Stedet ligger under den marine grense.) 
Det er liten tvil om at vi her ogsa har rester etter en milestein. 

Det samme gjelder et funn av fossilforende silurkalk med Rhynchonella 
som for noen ar siden ble sendt inn til professor W. Werenskiold fra et 


+ 


Milestein ved Leira 


! Norsk Historisk Tidsskrift 4, s. 256, 1877. 

2 Uber die Geologie des siidlichen Norwegens. Nyt. Mag. for Naturvidensk. 9, 
s. 239—40, 1857. 

3 Jordbunden pa Hedmark. Hedmarks Historie /, s. 52—53, fig. 5. 
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sted ovenfor Sjoa i Gudbrandsdalen. Den er ikke funnet i neerheten av 
noen vei, men oppe i lia ved en gammel kalkovn. Antakelig har en 
milestein her vert tatt til kalkbrenning. 

Vi har sett av ovenstaende at det har vert satt opp milesteiner av 
silurkalk etter veiene gjennom Valdres og Gudbrandsdalen, som i gammel 
tid var hovedferdselsveiene i Sor-Norge. Om steinene i Valdres opplyser 
Yngvar Nielsen at de ble satt opp pa Kristian 5’s tid, da det etter inn- 
ferelsen av eneveldet for forste gang ble en egen -administrasion for 
veivesenet i Norge. Sannsynligvis var vel ogsa milesteinene i Gudbrands- 
dalen fra samme tid, Kjerulfs opplysning om at de var fra Kristian 7’s 
tid er annen hands og kan vere feilaktig. 

Etter Kiger Das Obersilur finnes’ det silurlag av etasje 9 (Ludlow) 
pa Ringerike, i Asker—Berum-omradet, i Drammen—Sande-omradet, pa 
gyene ved Holmestrand og i Skien—Porsgrunn-omradet. I alle disse strok 
uten pa Ringerike og pa Langoya ved Holmestrand er imidlertid Ludlow- 
lagene kontaktmetamorfosert, mens kalken i milesteinene, sa vidt det har 
kunnet kontrolleres, er helt uomvandlet med utmerket bevarte fossiler. 
Antakelig er milesteinene blitt brutt pa Langoya, hvor Ludlowlagene er 
meget kalkrike, mens de tilsvarende lag pa Ringerike har lite av faste 


sammenhengende kalklag. Trygve Strand 
2 rand, 


NYPIMGEOLCO GISK LEGAT 


I dette aret har den geologiske forsking i Norge fatt et nytt legat. 
Grosserer, cand. jur. Halvdan Bjorums legat, med kapital 50000 kroner. 
Halvdan Bjorum er fodt 19 februar 1865 i Drammen og tok juridisk 
embetseksamen i 1889. I 1894 begynte han sin egen forretning, som 
hovedsakelig har omfattet utvinning og salg av mineral, serlig feldspat 
og kvarts, i de senere ar ogsa foredling av andre mineraler og malmer. 
Han dode i november 1937. 


SylpA MWD Dhak: 
for 
GROSSERER, CAND. JUR. HALVDAN BJ@RUMS LEGAT 
AV 12 NOVEMBER 1935. 


Stadfestet av Sosialdepartementet 
5 oktober 1939, 


Sr abe 


Ved gavebrev av 12 november 1935 opprettet grosserer, cand. jur. 
Halvdan Bjorum et legat til geologisk og mineralogisk vitenskapelig forsking, 
fortrinsvis saledes at den kan fremme Norges neringsliv, med grunnfond 
50000 kr. Til grunnfondet blir lagt rentene til legatet trer i kraft. Siden 


ae sae legges opp som fastsatt for andre legater ved Universitetet (for 
tiden ‘/io). ; 
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Aye: 
Legatet skal forvaltes av Universitetets kvestor pa samme mate og 


under samme kontroll som det er bestemt for de andre legatmidler ved 
Universitetet. 


23; 
Av rentene utdeles stipendier etter legatets formal. Stipendiene 


kunngjeres sammen med de andre vitenskapelige stipendier ved Universitetet 
og utdeles av Det akademiske kollegium. 


§ 4. 


Til a gi innstilling om utdeling av stipendier oppnevnes en komité 
pa 3 medlemmer. Blant dem ber direktoren for Norges geologiske under- 
sokelse vere, og en av Universitetets professorer i geologi eller mineralogi, 
valt av Det akademiske kollegium; som tredje medlem skal sitte testators 
sonn, disponent Haakon J. Bjorum, sa lenge han lever. Etter hans dad — 
eller om han ikke onsker 4 vere medlem lenger — skal Det akademiske 
kollegium oppnevne et tredje medlem. — Kollegiet velger ogsa et medlem 
i stedet for direktoren for Norges geologiske undersgkelse, dersom han 
ikke er villig til 4 vere medlem av komitéen. Dessuten velger kollegiet 
én varamann for alle tre medlemmer. 


Norsk geol. tidsskr. 19. 24 
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M@TE TORSDAG 23. MARS 1939 
Tilstede 24 medlemmer og 13 gjester. 


K. O. BJORLYKKE: Bergmester Thomas Georg Miinster. Minnetale. 
Trykt i dette bind av tidsskriftet p. 297. 


A. Heintz: En levende kvastfinnet fisk. 


Latimeria chalumnae. (Fra ,,Naturen“ 63, 1939, p. 158.) 


I desember 1938 blev det ved Afrikas kyst, ikke langt fra en liten 
by ,East London“ fanget en merkelig fisk i en trawl pa ca. 40 favners dyp. 
Den var ca. 1'2m lang og veiet omtrent 50 kg. Ved neermere under- 
sokelse kunde man konstatere at fisken tilharte de sakalte kvastfinnede 
(Crossopterygii), som hittil utelukkende var kjent som fossiler. Man 
regnet at de siste representanter for Crossopterygii dede ut i slutten av 
mesozoikum for ca. 60 millioner ar siden. 

Den nye form, som blev kalt Latimeria chalumnae, er neermest be- 
slektet med den yngste gren av Crossopterygii, de sakalte Coelachantidae, 
som er serlig godt kjent fra de yngre paleozoiske og mesozoiske av- 
leiringer. 

Pa grunn av en rekke uheldige omstendigheter, er det praktisk 
talt bare skjellkleedning, finner og de ytre knokler av kraniet som er 


bevart. Alle de indre organer og skjelett som hovedsakelig bestod av 
brusk, ratnet bort. 
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Forelopig foreligger det bare midlertidige meddelelser om funnet og 
ganske korte beskrivelser av selve fisken. Det er utvilsomt at tross den 
darlige opbevaring er Latimeria av overmate stor vitenskapelig betydning, 
og man ma med spenning imotese en mere inngaende beskrivelse av den. 
Vi star nemlig her overfor et ganske enestéende funn. Crossoperygiernes 
nermeste nulevende slektninger er lungefisk, som allerede i devontiden 
(for ca. 300 millioner ar siden) skilte sig ut fra dem. I virkeligheten 
kjenner vi altsa sveert lite til den finere bygning av disse former, serlig 
utviklingen av deres forskjellige indre organsystemer. Crossopterygii er 
ogsa av serlig stor interesse, da alle landdyr utvilsomt engang i devon- 
tiden har spaltet sig ut fra dem. 


V. M. GOLDSCHMIDT: Spektralanalysens bruk i mineralogi, geokjemi 
og metallurgi. 

Trykt i Tidsskrift for kjemi og bergvesen 19, 1939, p. 82—86. 

Etter foredraget kom det uttalelser fra J. Helverschou, S. Foslie og 
foredragsholderen. 


MOTE TORSDAG 27. APRIL 1939 
Tilstede 19 medlemmer og 4 gjester. 


De to tidligere medlemmer nr. 62, bergingenior J. Braastad, A/S Gur- 
holt & Co., Karl Johans gate 41 (innvalt 1913, utmeldt 1930) og nr. 122, 
bergingenior A. Gurholt, A/S Gurholt & Co., Karl Johans gate 41 (inn- 
valt 1918, utmeldt 1926) vil etter styrets forslag og foreningens god- 
kjenning fra na av atter sta som medlemmer. 


T. STRAND: Kort meddelelse om kambro-siluren i kartomrddet Kongsberg. 
Foredraget vil bli trykt i kartbeskrivelse i N. g. u.s skrifter. 


A. HEINTZ: Bemerkninger om tektonikk og stratigrafi t kambro-silur- 
strokene i Hedenstad. 

Foredraget vil bli trykt i en avhandling i tidsskriftet. 

I diskusjonene etter foredragene deltok Helverschou, Stormer, 
Holtedahl, Rosendahl, Foslie, Isachsen og Strand. 


M@TE TORSDAG 11. MAI 1939 


Metet var arransjert som fellesmete sammen med N. i. f. Berg- 


ingenigrenes avdeling. 
Tilstede 23 medlemmer av N. g. f. og 13 medlemmer av Berg- 


ingeniorforeningen og gjester. 


VOLKER FRITSCH, Briinn: Funkgeologie. 


Die Funkgeologie ist eine Grenzwissenschaft, die die Ausbreitung 
von Strémen und Hertz’schen Feldern in geologischen Leitern studiert. 
Weiters untersucht sie die Veranderungen, die diese Leiter unter dem Ein- 
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flu&8 des sie durchsetzenden Stromes oder Feldes erleiden. Ein wichtiges 
Teilgebiet ist die Lehre von der Funkmutung. Diese versucht aus funk- 
physikalischen Messungen die Lage, Ausdehnung und Beschaffenheit 
von niitzlichen Lagerstétten, Verwerfern usw. nachzuweisen. Obwohl die 
ersten Untersuchungen dieser Art schon Jahrzehnte zuriickliegen, wird erst 
in den letzten zehn Jahren das Gebiet systematisch bearbeitet. Die 
Untersuchungen haben dort, wo die Voraussetzungen ausreichend geklart 
sind, auch praktischen Wert erlangt, indem z. B. Héhlen, Erzgange und 
Wasservorkommen nachgewiesen werden konnten. Neuerdings versucht 
man auch die geopathogenen Phanomene in funkgeologischer Weise zu 
deuten. Die Forschung ist derzeit vor allem bestrebt die elektrischen 
Eigenschaften des geologischen als Funktionen der zahlreichen ver- 
andernden Faktoren darzustellen und die Ausbreitung Hertz’scher Felder 
im Innern der Gebirge zu studieren. Versuche zeigten, dafi Hertz’sche 
Felder unter Umstinden mehrere hundert Meter tief in ein Gebirge 
eindringen kénnen. Es werden auch die Méglichkeiten untersucht, funk- 
geologisch jene Schichten zi bestimmen, die unter dem tiefsten Grund- 
wasserspiegel liegen und nahezu nicht leitend sind. Auf diese Weise soll 
versucht werden das Erdinnere in gréBeren Teufen 4hnlich zu unter- 
suchen, wie heute die Jonosphare untersucht wurde. 


Der wichtigste Inhalt des Vortrages erschien in der Tidsskrift for 
kjemi og bergvesen 19, 1939, p. 95—104. 
Auch die AuBerungen von Hofseth sind ebenda gedruckt. 


I diskusjonen etter foredraget deltok Helverschou, Carstens, Bj. 
Hofseth, Foslie og foredragsholderen. 


C. W. CARSTENS: Om titanholdige jernmalmer. 
Kurzes Resumée des Vortrages: 


Zur chemisch-mineralogischen Zusammensetzung der titanhaltigen 
Eisenerzvorkommen. 


Die sogenannten titanhaltigen Eisenerzvorkommen vertreten einen 
deutlich markierten Typus der Eisenerzvorkommen. Der Typus ist schon 
mehrmals von Norwegen, Schweden, Ural, U. S. A. usw. beschrieben 
worden — er fehlt aber fast véllig in Mittel-Europa. 

Von Erzmineralien treten immer Magnetit und Ilmenit auf, von 
Silikatmineralien gew6éhnlich Pyroxen, Hornblende, Olivin und Feldspat. 
Spinell und Magnetkies, zum Teil auch Schwefelkies, kommen meistens 
untergeordnet vor. 

Da das quantitative Mineralverhaltnis der verschiedenen Vorkommen 
stark variiert, wechselt auch die chemische Zusammensetzung ganz be- 
deutend innerhalb gewisser Grenzen. Ein in chemischer Beziehung 
charakteristischer Zug ist, daS der Magnetit dieses Erztypus immer 
kleinere Mengen des wertvollen Elements Vanadium enthialt. 

Die chemische Zusammensetzung des Roherzes einiger der groBten titan- 
haltigen Eisenerzvorkommen Norwegens geht aus folgender Tabelle hervor: 
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Fe TiO; V 


oI tod Mileage ae eG ee PG 4 ‘Oniva 
Site eee eee oe... ie 2 7% Ope 
GOS Aree rere AO we 35 i 0,30 
Soliaedal “eke wees a. 43 13 0,30 


Die Tabelle zeigt, daB das Roherz dieser Vorkommen nicht ohne 
weiteres den Schmelzéfen zugesetzt werden darf — der Fe-gehalt ist zu 
klein, der TiO,-gehalt ist zu gro®. Man wird deshalb genétigt — bevor 
das Erz benutzt werden kann — eine Zermahlung in Verbindung mit 
einem nachfolgenden AnreicherungsprozeB des in Betracht kommenden 
Erzminerals, in casu des Magnetits, vorzunehmen. 

Bei mechanischen Separationsprozessen im Laboratorium der A/S 
Christiania Spigerverk in Oslo ist es gelungen Konzentrate der eben 
erwahnten Roherze von der untenstehenden Zusammensetzung _her- 
zustellen: 


Fe TiOg V 
DEIVAL. Pun ete ee ee 61 5 0,35 
AlGh ctete. cat. oa 545 10,5 0,48 
Regsa0 4. be, Va cene ok 62 ee MOaX0; 
Solnordal Tt 20". ee 66 ees (OEE 


Es geht aus dieser Tabelle hervor, daf in der Praxis 2 verschiedene 
Typen titanhaltiger Eisenerze vorkommen: 

1. Ein Typus, in dem der TiO,-gehalt des Konzentrats — nach magne- 
tischer Separation — im Verhdltnis zum TiO,-gehalt des Roherzes ver- 
groBert wird, hier durch Selvag und Alta reprdsentiert. 

2. Ein zweiter Typus, in dem der TiO,-gehalt des Konzentrats — 
nach magnetischer Separation — im Verhaltnis zum TiO,-gehalt des Roh- 
erzes verkleinert wird, hier durch Redsand und Solnerdal reprasentiert. 

Als ein dritter Typus (3) kann der Typus, der den zwischenliegenden 
Fall vertritt, in dem der TiO,-gehalt des Konzentrats gleich dem TiQ,- 
gehalt des Roherzes bleibt, angefiihrt werden. 

Bei dem magnetischen SeparationsprozeB benehmen sich also die 
titanhaltigen Eisenerze ganz verschieden — ein Umstand, der von grofer 
praktischer Bedeutung ist. Dieser Unterschied ist von der Struktur der 
betreffenden Erzmineralien bedingt. 

Der Ilmenit tritt namlich teils in Lamellen etwa der GroSenordnung 
5 bis 10 uw, parallel zur Oktaederflache des Magnetits eingelagert, auf. 
Und teils tritt er in selbstandigen Individuen, die von der GréSenordnung 
der Magnetitindividuen, etwa 3 bis 5 mm, sind, auf. 

Beim Zernmahlen zum gewohnlichen technischen Zehrmahlungsgrad, 
70 bis 200 mesh, erhalt man im letzterwahnten Fall Freikérner von den 
beiden Erzmineralien, Magnetit und IImenit, im ersterwahnten Fall dagegen 
nicht. Die unmittelbare Folge davon ist, daB in dem Erztypus, in dem 
der Ilmenit hauptsachlich lamellenartig in Magnetit eingelagert auftritt, 
der Ilmenit — nach magnetischer Separation — etwa proportional dem 
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Fig. 1. Magnetit mit Ilmenitlamellen. Fig. 2. Magnetit (etwas triib) und Ilmenit 


Rechts unten ein grdéfseres Korn von (ganz klar) von etwa gleicher Korngrofe. 
Ilmenit. x 250. x 20. Expon. 15 Min. durch 


griines Filter. 


Magnetit angereichert wird, wahrend gleichzeitig das Magnetitkonzentrat 
von Silikatmineralien freigemacht wird. Das Resultat in chemischer Be- 
ziehung ist, da® der TiO,-gehalt des Konzentrats im Verhaltnis zum 
TiO,-gehalt des Roherzes steigt. 

In dem anderen Erztypus, in dem der Ilmenit zum wesentlichsten 
Teil in selbstaéndigen Individuen etwa derselben GréSenordnung der 
Magnetitindividuen auftritt, wird das Magnetitkonzentrat —- nach magne- 
tischer Separation — von Ilmenitkérnern fast véllig gereinigt. Der Ilmenit, 
als ein schwach magnetisches Mineral, begleitet in diesem Fall die Silikat- 
mineralien. Das Resultat in chemischer Beziehung ist ein Magnetit- 
konzentrat mit einem ganz minimalen TiO,-gehalt, d. h. der TiO,-gehalt 
des Konzentrats im Verhaltnis zum TiO,-gehalt des Roherzes ist gesunken. 

Viele titanhaltigen Eisenerze haben den Ilmenit gleichzeitig lamellen- 
artig in Magnetit und als selbstandige Individuen entwickelt. In diesem 
Fall hangt es vom Mengenverhiltnis der beiden Strukturtypen ab, ob der 
TiO,-gehalt des Konzentrats steigt oder sinkt. Bei einem bestimmten 
Mengenverhaltnis wird natiirlich der Fall eintreffen kénnen, daB der 
TiO,-gehalt des Konzentrats dem TiO,-gehalt des Roherzes gleich bleibt. 

Das Erzmineral im 1. Erztypus — Magnetit mit eingelagerten Ilmenit- 
lamellen — ist, aller Wahrscheinlichkeit nach, meistens durch Entmischungs- 
prozesse eines homogenen titanhaltigen Magnetits entstanden. Dieser 
titanhaltige Magnetit entspricht dem ,,Titanomagnetit* von Lacroix (1901) 
und wird jetzt gew6dhnlich als Mischkrystall von Magnetit und Ilmenit 
aufgefat. 

Wird der Magnetit mit den eingelagerten Ilmenitlamellen bis auf 
1100°—1200° erhitzt, verschwinden — nach mehreren Forschern — die 
Iimenitlamellen, und der Magnetit erhalt ein ganz homogenes Aussehen, 
d. h. ein ,Titanomagnetit“ ist wieder gebildet worden. 

Das Vanadium der titanhaltigen Eisenerze steckt — zufolge einer 
Reihe verschiedener Untersuchungen — mit Sicherheit im Magnetit, aller 
Wahrscheinlichkeit nach als ein dreiwertiges Element das dreiwertige Eisen 
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ersetzend, da diese beiden Elemente etwa denselben lIonenradius besitzen. 
Es existiert somit zwischen dem ordinaéren Magnetit und dem vanadium- 
reichen Endglied, dem sogenannten Vanadiumspinell, der 1931 von 
Mathewson, Spire und Samans synthetisch hergestellt wurde, eine kon- 
tinuierliche isomorphe Reihe. Bei dem Vanadiumspinell betragt die Seiten- 
lange im Elementarkubus a = 8,468 A. Bei dem ordindren Magnetit 
betragt dieselbe Seitenlange a = 8,37 A. 

Der Vanadiumgehalt der verschiedenen Vorkommen ist aber ziemlich 
verschieden. Innerhalb eines bestimmten Vorkommens ist jedoch der 
Vanadiumgehalt des Magnetits verhaltnismafig konstant. Das Verhaltnis 


100 V 
Fe in Magnetit 


ist somit fiir jedes Vorkommen eine charakteristische GréBe. Diese GroBe 
habe ich den Vanadiummodul genannt. Er liegt bei den meisten nor- 
wegischen Vorkommen etwa um | herum, gewdéhnlich ein wenig unterhalb, 
nur ausnahmsweise oberhalb. Der héchste Wert, den man in Norwegen 
bis jetzt gefunden hat, betragt etwa 1,25. 

Der Vanadiummodul der friiher erwaéhnten norwegischen Vorkommen 


geht aus der untenstehenden Tabelle hervor: 
Vanadiummodul 


TN Efi tA. Sta lat a Aig eel eager 0,61 
AL Ame ee ta ae ee nee er Ra scetec tis. 2 1,01 
TROOSARG ea. sete e its vee tee oo occ ers te: ads 0,84 
DO OEODNOL Fe a Gt ae ees oe the 6 8 ae 0,78 


Von einer ganz anderen GréBenordnung ist indessen der Vanadium- 
modul der titanhaltigen Eisenerze Indiens. Zufolge Analysen einer Ab- 
handlung des indischen Geologen Dunn liegt der Vanadiummodul mehrerer 
indischer Vorkommen oberhalb 3, zum Teil weit oberhalb. 

Das vanadiumhaltige Konzentrat von Redsand, dem einzigen nor- 
wegischen titanhaltigen Eisenerzvorkommen, das jetzt in Betrieb ist, wird 
zuerst gesintert und dann dem elektrischen Ofen zugesetzt. Der Vana- 
diumgehalt geht in das Roheisen itiber, es enthalt durchschnittlich etwa 
0,70 % V. Der Titanséuregehalt geht in die Schlacke iiber — dadurch 
bildet sich Perowskit, CaTiO,. Das vanadiumhaltige Roheisen wird nach- 
her einem FrischungsprozeB im Bessemerkonverter unterworfen. Durch 
diesen Prozef bildet sich an der Oberflache des Bades eine halbfliissige 
Schlacke, die — je nachdem der OxydationsprozeS fortschreitet — 
mehrere Male (meistens 3) abgezogen wird. Diese Schlacke enthalt 
durchschnittlich 10 bis 12% V und zwar als ein vanadiumreiches Spinell- 
mineral. Nach den réntgenographischen Untersuchungen betragt die 
Seitenlange des Elementarkubus dieses Minerals a = 8,448 A. Durch 
verschiedene Lésungsversuche ist es auch gelungen, die chemische Zu- 
sammensetzung des Spinellminerals zu bestimmen (Kr. Kristoffersen). 
Zufolge dieser Versuche geht hervor, da& das Spinellmineral als Misch- 
krystall folgender Molekyle aufgebaut ist: 


352 NORSK GEOLOGISK FORENING 


1. Spinellmolekyl, MR,O,, hauptsachlich aus FeV,O, bestehend. 
2. Ilmenitmolekyl, MTiO;, hauptsdchlich aus FeTiO, bestehend. 


3. Sesquioxydmolekyl, R,O3,. 


Der Gehalt an 3 ist meistens ziemlich klein, zum Teil gleich 0. 

Wir haben somit hier einen wirklichen ,Titanomagnetit“ im Sinne 
von Lacroix entwickelt, allerdings mit dem Unterschied, da das drei- 
wertige Eisenion des Magnetits zum Teil mit dem etwa gleich grofen 
drei-wertigen Vanadiumion ersetzt worden ist. Von lagerstattengeologischem 
Gesichtspunkt ist aber von besonderem Interesse, dafs das Vanadium der 
vanadiumhaltigen Schlacke etwa in der selben Weise wie in den titan- 
haltigen Eisenerzen auftritt. 

Neben dem Spinellmineral enthalt die vanadiumhaltige Schlacke 
Cristobalit und Fayalit, zum Teil auch Spuren von einem pyroxen- 
ahnlichen Mineral und Glas. 

Der Mineralbestand der Schlacke betragt meistens: 


40—60 %o Spinellmineral, 
20—40 % Cristobalit, 
10—20 % Fayalit. 


Die titanhaltigen Eisenerzvorkommen zeigen in chemischer Beziehung 
auch einen anderen charakteristischen Zug, namlich meistens einen 
auferst kleinen Phosphorgehalt, der gewéhnlich von der GroSenordnung 
0,00x %o ist. Von Norwegen sind nur 2 Ausnahmen dieser Regel bekannt: 
Das Vorkommen von Spisholt an der Eisenbahnstation Krekling und das 
Vorkommen von Josenfjord in Boknfjord bei Stavanger, die alle beide einen 
betrachtlichen P-gehalt fiihren. Der V-gehalt dieser Vorkommen ist gleich- 
zeitig verhaltnismaBig klein. 


I diskusjonen etter foredraget deltok Rosenlund, Goldschmidt, Foslie, 
C. Bugge og foredragsholderen. 


MOTE MANDAG 13. NOVEMBER 1939 
Tilstede 21 medlemmer og 11 gjester. 


C. BuGGE holdt minnetale over statsgeolog ALVAR HOGBOM. 


I slutten av august kom det meddelelse fra Sverige at statsgeolog 
Alvar Hégbom dede 23. august. Han blev syk mens han arbeidet med 
malmgeologiske undersokelser i Remdalen og dode i Ostersunds sykehus. 

Vi her i Norge minnes den foredragsreise han gjorde hit til Oslo 
varen 1938 og hvorunder han gav oss i Norsk geologisk forening en 
glimrende fremstilling av sitt og andre svenske geologers arbeid i Skellefte- 
feltet med tilgrensende deler avy Vasterbottens og Norrbottens lan. En 
fremstilling av sine resultater herom hadde han utgitt i sitt kjente arbeid 
av 1937. 

1 Geol. féren. férhandlingar januar—februar 1939 skrev Hégbom 
minneord om Karl Sundberg og fortalte her mange interessante ting om 
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det store prospekteringsarbeid i Nord-Sverige, som gav sA store resultater 
at det er grunnlagt en stor ny bergslag for utnyttelsen av alle de ny- 
oppdagede malmforekomster. Da vi leste Hégboms ord her, at nu er to 
av hovedpersonene i dette arbeid, geologen Olof Backstrém og geofysikeren 
Karl Sundberg borte, ante ingen at sa kort tid etter ma vi ogsa faye 
hans eget navn til de bortgatte pionerer. 

Av Hégboms evrige arbeider skal jeg nevne hans doktorarbeid som 
omhandlet de geologiske forhold innom Stekenjokk—Remdalens malm- 
trakt, 1924. Han blev doktor i Uppsala 1925. Videre nevnes hans be- 
Skrivelser til kartbladet Vase, Mariestad, Malingbo og Lungnas. Da han 
i 1938 forte de nordiske geologer omkring i Skelleftefeltet, viste han 
fram det forste trykk av sitt store, nye, geologiske kart over Vaster- 
bottens lan. Beskrivelsen hertil nadde han ikke 4 fullfore. 

Hans store innsats var det geologiske undersgkelses- og prospekterings- 
arbeid i Ovre Norrland, et arbeid som strakte seg over mer enn 20 ar. 

Alvar Hégbom ble fodt i 1894 og ble saledes kun 45 4r gammel. 
Han ble ansatt ved Sveriges geologiske undersékning i 1919 og ble 
statsgeolog 1 1933. 

Hans mange venner 1 Norge vil bevare hans minne. 


H. A. Brouwer, Amsterdam: Bau und Entwicklung der Inselguirlanden 
in Siidost Asien. 


Der Knotenpunkt der Randbogen vom siidéstlichen Asien und von 
Australien liegt im malayischen Archipel. Das Wachsen der beiden ge- 
nannten Kontinente ist durch den zonalen Anbau von jiingeren Faltungs- 
zonen an 4ltere Kerne zu Stande gekommen und die jungeren Stadien 
dieses Anbaus sind im malayischen Archipel bis in die Jetztzeit zu beob- 
achten. Granodioritische Intrusionen begleiten die Faltungszonen. Intru- 
sionen des jiingeren Mesozoikums kommen in den inneren Teilen des 
Anbaus vor. Die jiingsten Intrusionen von jung-mioziénem Alter bilden 
eine duBere Zone im westlichen Sumatra, in Java und in den kleinen 
Sunda Inseln wo sie 6stlich bis zu der Insel Wetar bekannt geworden 
sind. Der éstliche Teil dieser Zone liegt schon in der Nahe von Australien. 
Zwischen dieser jungen Faltungszone und Australien liegt eine Inselreihe 
in der auf der Insel Timor mesozoische und alt-tertiére Faltungsphasen 
schon vor dem jung-Tertiar eine durch grofe Uberschiebungen gekenn- 
zeichnete Struktur zu Stande gebracht haben, die als ein alterer Anbau 
an Australien betrachtet werden kann. Ein breiter Saum zwischen dieser 
stidlichen Inselreihe und dem jetzigen australischen Kontinent — wo kaum 
jiingerer als paldozoischer Faltenanbau im grofen ganzen nach Osten 
beobachtet wird — ist durch Meeresbedeckung der Beobachtung entzogen. 

Die jiingsten Bewegungszonen begrenzen die schon erstarrten asia- 
tischen Gebiete als eine auBere Zone gegen den Indischen Ozean und 
liegen zwischen den erstarrten australischen und asiatischen Gebieten im 
dstlichen Teil des Archipels. Altere Faltungszonen werden zum Teil 
rdumlich von der jiingsten iiberdeckt und 4ltere Zusammenhidnge sind 
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zum Teil wieder unterbrochen worden. Ein Wirbel von Groffalten, die 
aus den begleitenden Tiefseerinnen als sehr hohe , Gebirge “ emporragen, 
deutet auf scherende Bewegungen zwischen Asien und Australien. Die 
Richtung der Strukturen, die durch die sich bis in die Jetztzeit sehr 
kraftig fortsetzende Bewegung entstanden sind (Richtung der Inselreihen) 
weicht 6fters von der Richtung der alteren Faltungsachsen ab, was mit 
einem Andernden Einflu8 der Widerstinde und mit wechselnden Be- 
wegungsméglichkeiten in Zusammenhang gebracht werden kann. 

Wie die paldozoischen Faltungen zur Vereinigung von Europa und 
Asien zu Meso-Eurasien und die mesozoischen und tertiadren Faltungen 
zur Aufnahme von Vorderindien in Neo-Eurasien gefiihrt haben, so zeigt 
das Bild der tektonischen Entwicklung der Inselguirlanden die Tendenz 
zu einer Vereinigung von Asien und Australien, die aber nicht zu Stande 
gekommen ist. Das Inselreich zeigt bis jetzt noch eine gewisse Freiheit 
in der Entwicklung oder eine starke Ablenkung der Falten und ist wohl 
deshalb ein Inselreich. Obwohl die Bewegungen sehr kraftig sind so 
hat der Zwang, der in benachbarten Gebieten schon langst zu der Bildung 
kontinentaler Gebirgsziige gefiihrt hat, hier ein ahnliches Resultat nicht 
erreicht. Die hdchsten Erhebungen liegen ndérdlich von Australien im 
Hochgebirge von Neu-Guinea, wo bis zu den hédchsten Gipfeln jung- 
tertiare Sedimente mit Intrusionen von granodioritischen und verwandten 
Gesteinen bekannt geworden sind. 

In diesem Entwicklungsbild fiigen sich auch andere Erscheinungen 
harmonisch ein, Schon 1917 habe ich auf einen Zusammenhang zwischen 
der Entwicklung der Gebirgsbildung und die der vulkanischen Tatigkeit 
hingewiesen. Beide deuten in den 6stlichen kleinen Sunda Inseln auf 
den Einflu® der erstarrten australischen Masse. Von den emporsteigenden 
Inselreihen hat sich die siidliche dem australischen Widerstande mehr 
oder weniger angepaft und der Vulkanismus hat sich vom Widerstande 
zuriickgezogen. In der nérdlichen Inselreihe mit ihrer noch wenig ge- 
stérten Bogenform sind die Beweise einer intensiven vulkanischen Tatig- 
keit iiber dem Meeresspiegel gehoben. Die Tatigkeit dauert bis in die 
Jetztzeit fort aber wir kénnen beobachten, wie sie allmahlich ausléscht, 
erst in den Teilen die der siidlichen Inselreihe und Australien am meisten 
genahert sind. Der submarine Vulkanismus weiter nordlich kann ein 
jugendliches Stadium in voller Entwicklung vorstellen, das noch nicht 
vom tétenden australischen Einflu& beriihrt wird. Die australische Masse, 
die erst die vulkanische Tatigkeit mit ins Leben gebracht hat, léscht 
jetzt seine eigenen Schépfungen allmihlich wieder aus. 

Auch das Bild der Briiche und Verwerfungen kann harmonisch in 
der oben skizzierten Entwicklungsgechichte eingefiigt werden. Sie sind 
die Folge von wechselnden horizontalen bis vertikalen Bewegungen, die 
die Faltungen in den mehr oberflachlichen Teilen der Kruste begleiten. 
Die kraftigen jungen Bewegungen werden durch die weit iiber 1000 
meter gehobenen Korallenriffe und durch gehobene Fastebenen veran- 
schaulicht. Isolierte Felsen, die deutliche Wassererosion zeigen, wurden 
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auf hochliegende Terrassen angetroffen und steile trockene Taler bilden 
manchmal Passe in einem Gebirgszug. 

In 1925 wurde von mir in The Geology of the Netherlands East 
Indies eine tektonische Ubersicht gegeben. Seitdem ist der australische 
Einflu® auf die Entwicklung des malayischen Archipels 6fters diskutiert 
und auch mehr oder weniger abgelehnt worden. Vielfach sind neue bathy- 
metrische Resultate (Snellius Expedition) und Schwerkraftmessungen 
(Vening Meinesz) bei Deutungsversuchen der tektonischen Verhiltnisse 
ausgiebig benutzt worden um friihere Deutungen zu erweitern oder zu 
andern (Vening Meinesz, Kuenen, Umbgrove). Es scheint nétig zu be- 
merken daf die bekannten Tatsachen iiber Schwereanomalien und Mor- 
phologie des Meeresbodens Auskunft iiber den jetzigen Zustand geben 
und einige Schliisse iiber die jiingste Evolution kénnen daraus abgeleitet 
werden, aber sie geben — im Gegensatz zu geologischen Tatsachen — 
keinen AufschluB iiber friihere Phasen der Entwicklung. Soweit die bis 
jetzt bekannten Schwereanomalien nicht harmonisch in das geologische 
Gesamtbild eingefiigt werden konnten, wie es nach der ersten Deutung 
von Vening Meinesz schien, hat sich schon nach einigen Jahren der 
Zusammenhang ihrer Verteilung mit der Morphologie der Erdkruste ge- 
zeigt und es ist mdglich, daf bei Zunahme unserer Kenntnisse iiber 
Schwerkraftverteilung ihre Anpassung an den geologischen Bau voll- 
standiger hervortreten wird. 


I ordskiftet etter foredraget deltok Helverschou, Holtedahl, Weren- 
skiold, A. Bugge og foredragsholderen. 


F. ISACHSEN, O. A. BROCH og T. STRAND: Bidrag til Skudesnessedi- 


mentenes geologi. 
Korte meddelelser som vil bli offentliggjort i N. g. u.’s skrifter. 


MOTE TORSDAG 23. NOVEMBER 1939 


Metet var arransjert som fellesmete sammen med Norsk botanisk 
forening. Tilstede omkring 90 personer, hvorav 14 medlemmer av N. g. f. 


KNuT Fa&Gri: Trekk av den senkvartere utvikling pd Jeren. 
Foredraget omhandlet undersokelser som vil bli offentliggjort 1 


Bergens museums 4arbok. 
I ordskiftet etter foredraget deltok Asbjorn Ording, Ove Arbo Hoeg 


og foredragsholderen. 


Ove Arso Hosa: Fra en Spitsbergenekspedisjon i 1939. 
En beretning om ekspedisjonen vil bli trykt senere. 
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*: livsvarig medlem. 


Tallet i parentes er innvalgsaret. 
(S): stifter (18. februar 1905). 


AEresmedlem: 


Brogger, W. C., professor. Bekkelaget pr. Oslo. (S). 


Ahlmann, Hans W:son, professor. Stockholms hégskola. (1919). 

* Andersen, Olaf, dr.. U.S. steel corporation, Lincoln Highway, Kearney, 
New Jersey, U.S. A. (1911). 

Asklund, Bror, statsgeolog. Sveriges geologiska undersékning, Stockholm 
50. (1938). 

*Bache, Laura, lektor. Ullevalsvegen 105, Oslo. (1931). 

*Backlund, Helge, professor. Universitetet, Uppsala. (1918). 

*Balk, Robert, professor. Department of geology, Mount Holyoke College, 
South Hadley, Massachusetts, U.S. A. (1933). 

*Barth, Tom., professor. Mineralogisk institutt, Blindern pr. Oslo. (1921). 

Bergersen, Birger, professor. Tannleakehggskolen, Oslo. (1921). 
*Bjorlykke, Harald, dosent. Norges tekniske hagskole, Trondheim. (1923). 
*Bjorlykke, K. O., professor. Norges landbrukshegskole, As. (S). 
Blekum, Sverre, bergingenior. Knaben molybdengruber pr. Flekkefjord. 

(1918). 

Braastad, Johan, dr. ing., Karl Johansgt. 41, Oslo. (1913). 

*Broch, Olaf Anton, statsgeolog. Norges geologiske undersokelse, Oslo. 
(1920). 

Bruun, Br., ingenior. Mineralogisk institutt, Blindern, V. Aker. (1938). 

Bugge, Arne, statsgeolog. Norges geologiske undersokelse, Oslo. (1914). 
*Bugge, Carl, direktor. Norges geologiske undersokelse, Oslo. (S). 
*Callisen, Karen, museumsinspektor. Mineralogisk og geologisk Museum, 

Ostervoldgade 7, Kobenhavn K. (1917). 

Carlson, Fredrik, overingenior. Parkgatan 1, Falun, Sverige. (1919). 
*Carstens, C. W., dr.. Norges tekniske hogskole, Trondheim. (1911). 
*Christiansen Alex., direktor. Karl Johans gate 16, Oslo. (1914). 

Dal, Adolf, lektor. Middelthuns gate 14, Oslo. (1905). 

Damm, C. O. B., bergmester. Nes, Hedmark. (1905). 

*Danielsen, D. A., rektor. Hornnes, Setesdal. (1905). 

Dietrichson, Brynjulf, bergingenior. Moss. (1917). 

Donnay, J. D. H., professor. Faculté des sciences de l'Université Laval, 
Boulevard de l’entente, Québec, Kanada. (1937). 

*Eckermann, Harry von, dosent. Skepparegatan 66, Stockholm. (1937). 

Egeberg, F. P., ingenior. Radhusgata 5 B, Oslo. (1939). 
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*Egge, A., driftsstyrer. Glerem, Surnadal. (1930). 
*Eskola, Pentti, professor. Min. inst., Universitetet, Helsingfors. (1919). 
eis Rolf, statsgeolog. Norges geologiske undersgkelse, Oslo. 
i)? 
*Falkenberg, Otto, dr. ing.. Tordenskjolds plass 3, Oslo. (1914). 
*Foslie, Steinar, statsgeolog. Norges geologiske undersgkelse, Oslo. (1911). 
*Fegri, Knut, dr.. Bergens museum, Bergen. (1935). 
*Foyn, Sven, lektor. Kongsberg hogere almenskole, Kongsberg. (1932). 
Gavelin, Axel, overdirektor. Sveriges geologiska undersokning, Stock- 
holm 50. (1920). 
Glomme, Hans, professor. Norges landbrukshogskole, As. (1923). 
Goldschmidt, V. M., professor. Geologisk museum, Oslo. (1906). 
Graff, O. F., bergingenior. Viksnes kopperverk pr. Haugesund. (1939). 
*Grip, Erland, fil. lic.. Boliden, Sverige. (1938). 
*Grenlie, O. T., rektor. Bodg. (1909). 
Groénwall, K.A., professor. Lunds universitets geol.-min. institution. (1919). 
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*Heber, Gustav, advokat. Oscars gate 49, Oslo. (1938). 
*Heintz, Anatol, konservator. Geologisk museum, Oslo. (1926). 
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*Holmsen, Gunnar, statsgeolog. Norges geologiske undersgkelse, Oslo. 
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*Isachsen, Fridtjov, dosent. Geografisk institutt, Blindern pr. Oslo. (1929). 
Jensen, Einar, dr., Kemisk institut, Blindern, V. Aker. (1939). 
Johne, C. T., lektor. Kragera. (1931). 
Johnson Hest, Mimi, fru. Kirkevegen 90, Oslo. (1913). 
Kiil, Erling, bergingenior. Brantenborgvegen 2, Slemdal pr. Oslo. (1922). 
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Kliiver, Emil, ingenior. Statens toll-laboratorium, Oslo. (1926). 
Kolderup, Carl Fred., professor. Bergens museum, Bergen. (1905). 
*Kolderup, Niels-Henr., professor. Bergens museum, Bergen. (1919). 
Kollerud, Marta, cand. mag.. Trondheimsvegen 10, Oslo. (1919). 
*Koren, Wilhelm, direktor. Buhemba mines, p. 0. Musoma, Tanganyika 
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Kvale, Anders, amanuensis. Bergens museum, Bergen. (1936). 

Lange, F., lektor. Ringstabekkvegen 102. Stabekk, Beerum. (1938). 
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(1926), 
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Loddesol, Asulv, sekreteer. Det norske myrselskap. Rosenkrantzgt. 8, 
Oslo (1938). 
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